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From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov
Subject: Sandpoint final cert timeline
Date: Thursday, September 22, 2016 8:42:06 AM
Attachments: draft final 401 certification Sandpoint WWTP NPDES #ID-0020842.pdf


Hi Brian,
I have the final cert through legal and will send it up for signature tomorrow, here is a draft of it.  The
only change in the CS is to allow two years for the determination of what option they want to select
but it did not add any time to either schedule, they are still either 5 years or 10 years.  I still have to
check for final edit needs.
June








From: Nickel, Brian
To: "June.Bergquist@deq.idaho.gov"; "Nicole.Deinarowicz@deq.idaho.gov"
Cc: "Thomas.Herron@deq.idaho.gov"
Subject: RE: City of Sand Point WWTP
Date: Tuesday, August 23, 2016 2:39:00 PM


All:
I made a mistake in one of my citations; see below for correction.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Read my blog
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Nickel, Brian 
Sent: Tuesday, August 23, 2016 2:28 PM
To: 'June.Bergquist@deq.idaho.gov' ; Nicole.Deinarowicz@deq.idaho.gov
Cc: Thomas.Herron@deq.idaho.gov
Subject: RE: City of Sand Point WWTP
All:
I think this may be an issue of terminology and not substance. Idaho’s mixing zone policy does speak
to areas where acute criteria can be exceeded, and it does state that such areas need to be
approved by the Department. However, it doesn’t call them “acute mixing zones,” it uses the term
“zone of initial dilution,” which is defined in the water quality standards.
See IDAPA 58.01.02.060.01.b: “Water quality within an authorized mixing zone is allowed to exceed
chronic water quality criteria for those parameters approved by the Department. If approved by the
Department, acute water quality criteria for one (1) or more parameters may be exceeded within
the zone of initial dilution inside the mixing zone. Narrative criteria in Subsections 200.03 and
200.05 apply within the mixing zone. All water quality criteria must be met at the boundary of any
mixing zone under its design conditions.”
See also IDAPA 58.01.02.010.118: “Zone of Initial Dilution (ZID). An area within a Department
authorized mixing zone where acute criteria may be exceeded. This area shall be no larger than
necessary and shall be sized to prevent lethality to swimming or drifting organisms by ensuring that
organisms are not exposed to concentrations exceeding acute criteria for more than one (1) hour
more than once in three (3) years. The actual size of the ZID will be determined by the Department
for a discharge on a case-by-case basis, taking into consideration mixing zone modeling and
associated size recommendations and any other pertinent chemical, physical, and biological data
available.”
Could this concern be addressed by referring to the area where acute criteria can be exceeded as a
“zone of initial dilution,” consistent with the terminology in the water quality standards?
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer







US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Tuesday, August 23, 2016 2:19 PM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Cc: June.Bergquist@deq.idaho.gov; Thomas.Herron@deq.idaho.gov
Subject: FW: City of Sand Point WWTP
FYI, I don’t know anything further about this. Contact Nicole if you have questions.


From: Nicole Deinarowicz 
Sent: Monday, August 15, 2016 9:48 AM
To: June Bergquist
Subject: City of Sand Point WWTP
Good Morning June!
I hope you had a fantastic vacation. I had an opportunity to sit down with Doug, Don, Mary Anne,
AJ, and Lauri to discuss the issue of authorizing both an acute and chronic mixing zones in the City
of Sandpoint certification. Although that is how Washington authorize their mixing zones, Idaho
only authorizes the larger of the two. There is no problem with discussing both the acute and chronic
in the Fact Sheet, but when it comes to authorizing the mixing for each pollutant, we should only
mention the larger one in the tables.
I thought it would be best if you discussed this with Brian Nickel. Call me if you have any questions.
Nicole Deinarowicz
401 Program Coordinator
Water Quality Division
Idaho Department of Environmental Quality
208.373.0591








From: June.Bergquist@deq.idaho.gov
To: pstayton@jub.com
Cc: June.Bergquist@deq.idaho.gov; Nickel, Brian
Subject: RE: City of Sandpoint - Draft 401 Cert - Mixing Zone Documentation
Date: Friday, April 29, 2016 7:29:37 AM
Attachments: CE-QUAL-W2 Final 2015_Pend_Oreille_Scenario_Results v4.pdf


DEQ Staff Report Pend Oreille River Flow Measurement Data Aug 2015.pdf
PDO River Bathymetry 2015 Staff Report.pdf
Sandpoint Cormix Acute and Chronic Modeling Memo Final.pdf


Hi Pete,
DEQ and EPA did lots of modeling but these are the main reports (should be 4 attachments) along
with the river data. I tried to copy and paste the Cormix files from the most recent DEQ modeling
effort since we didn’t generate a summary report other than what is in the certification appendices.
However, the files were corrupt so I am trying to track down the modeler (who has since moved on)
so this information is still on its way. Let me know if you are missing something else. Thanks for your
interest.
June
June Bergquist
Regional Water Quality Compliance Officer
Idaho Department of Environmental Quality
Coeur d’Alene Regional Office
2110 Ironwood Parkway
Coeur d’Alene ID 83814
Phone: (208)666-4605


From: Pete Stayton [mailto:pstayton@jub.com] 
Sent: Wednesday, April 27, 2016 7:10 PM
To: June Bergquist
Cc: Brett M. Converse; Paul Klatt
Subject: City of Sandpoint - Draft 401 Cert - Mixing Zone Documentation
June,
I would like to request a copy of DEQ’s “modeling documentation and reports” describing the mixing
zones and rationale behind their use for the City of Sandpoint February 23, 2016 Draft 401 Water
Quality Certification (Appendix G in the April 19, 2016 Draft NPDES Permit #ID0020842). The
documentation and reports are referenced as “available from DEQ upon request” on page 9 of the
draft 401 certification.
Thanks!
PETE STAYTON, P.E.
Project Manager
J-U-B ENGINEERS, Inc.
7825 Meadowlark Way, Coeur d’Alene, ID 83815
e pstayton@jub.com w www.jub.com
p 208 762 8787 c 208 696 1115 f 208 762 9797


This e-mail and any attachments involving J-U-B or a subsidiary business may contain
information that is confidential and/or proprietary. Prior to use, you agree to the provisions
found at edocs.jub.com. If you believe you received this email in error, please reply to that
effect and then delete all copies.
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 October 15, 2015 



 
Reply To 
Attn Of: OEA-095 
 
MEMORANDUM        
 
Subject: Pend Oreille River Model Simulations of Point Source Impacts 
 
From: Ben Cope, Environmental Engineer 



Office of Environmental Assessment 
 



To: Brian Nickel, Environmental Engineer 
Office of Water 
 
 



This technical memorandum provides the results of model simulations per your request on April 24, 
2015.  We have employed the existing, calibrated CE-QUAL-W2 model for the Pend Oreille River for this 
analysis  (Cadmus et al, 2011).  We also contacted Chris Berger of Portland State University to obtain the 
custom programs used to post-process the model output in past scenario analyses.  This memorandum 
provides the results of three scenarios: an updated baseline simulation (existing conditions) and two 
future scenarios with varied limitations for the wastewater treatment plant in Sandpoint, Idaho.   
 



Model Documentation 



Prior reports prepared for the Pend Oreille River modeling in Idaho include: 
• Annear et al. (2006) - Idaho Pend Oreille River Model: Model Development and Calibration 
• Annear et al. (2007) - Idaho Pend Oreille River Model: Model Scenario Simulations 
• The Cadmus Group, Inc. and Scott Wells and Associates (2010) – Pend Oreille River Phosphorus 



Load Allocation Analysis: Quality Assurance Project Plan 
• Wells and Berger (2010) - Review of Corps of Engineers Revisions to the Pend Oreille Model 
• The Cadmus Group and Scott Wells and Associates (2011) - Pend Oreille River Phosphorus Load 



Allocation Analysis:  Model Calibration Report 
• The Cadmus Group and Scott Wells and Associates (2011) - Pend Oreille River Phosphorus Load 



Allocation Analysis:  Scenarios Report 
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This document reports the results of three scenarios to evaluate the impact of discharges from the 
Sandpoint, Idaho, wastewater treatment plant. 
 



Modeling Scenarios 



The existing conditions model setup is identical to the previous setup (Cadmus et al, 2011) with the 
exception of the assumed discharges at three municipal point sources (Sandpoint, Priest River, and 
Dover).  These discharges were modified based on updated monitoring information to better reflect 
current conditions.  For the Sandpoint scenario, all model inputs were identical to the existing condition 
setup with the exception of the flow, BOD5, and TP of the Sandpoint treatment plant.  These were 
adjusted to the proposed permit limit values.  The impact of the proposed Sandpoint facility permit, 
relative to the prior permit, is estimated as difference in downstream water quality between the two 
scenarios.  
 
Modeling scenarios were run for specified flow rates, BOD concentrations and nutrient concentrations 
for the wastewater treatment plants within the modeled reach.  Model boundary conditions, such as 
meteorological inputs, tributary inflows, and the upstream boundary, were same as those used for year 
2009 except for the dischargers.     



Scenario 1:  Existing Conditions 



All model inputs are unchanged from the existing Pend Oreille River model (Cadmus et al., 2011), except 
as follows: 



City of Sandpoint WWTP  



• Effluent flow:  3.0 mgd (constant) 
o Basis:  Design flow as stated in previous fact sheet and permit application 



• BOD5:  30 mg/L (constant) 
o Basis:  Existing permit limit 



• Total Phosphorus :  2.41 mg/L (constant) 
o Basis:  Concentration used in reasonable potential analysis for 2014 draft permit 



(average concentration March 2002 – March 2012). 



City of Priest River WWTP 



• NO2 + NO3:  14.3 mg/L 
o Average concentration measured between 2/2012 and 4/2015. 



• NH3:  0.76 mg/L 
o Average concentration measured between 2/2012 and 4/2015. 
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City of Dover WWTP 



• NO2 + NO3:  6.5 mg/L 
o Concentration measured on 3/31/15 (1 sample). 



• NH3:  0.099 mg/L 
o Average concentration measured between 1/2012 and 12/2014. 



Scenario 2:  Draft Permit Conditions 



All model inputs will be unchanged from the “Existing Conditions” scenario, except as follows: 



City of Sandpoint WWTP  



• Effluent flow:  5.0 mgd (constant) 
o Basis:  Design flow as stated in most recent permit application 



• BOD5:  30 mg/L (constant) 
o Basis:  Proposed permit limit (technology-based) 



• Total Phosphorus:   
o July 1 – September 30:  1.46 mg/L 
o October 1 – June 30:  2.30 mg/L 



 Basis:  Proposed permit limits 



 
A listing of discharge values for other parameters is included in tables 5 through 7 of the 2011 scenario 
report (Cadmus Group et al., 2011).   
 
CBOD-P, or the phosphorus associated with a specific CBOD group (there was a CBOD group associated 
with each WWTP), was modeled as a separate constituent.  CPOD-P was estimated from the specified 
total phosphorus concentration (TP) and ortho-phosphorus concentration (PO4P) using: 
 



CBOD-P = TP − PO4P 
 
For the Sandpoint phosphorus scenarios, the fraction of TP in the form of PO4P in the original model 
(Cadmus et al., 2011) was 68%.  This ratio was to calculate the CBOD-P in both scenarios. 
 



Scenario 2.1:  Lower Phosphorus Limits in June 



This scenario is identical to Scenario 2 except: 
 



• Total Phosphorus:   
o June 1 – September 30:  1.46 mg/L 
o October 1 – May 31:  2.30 mg/L 



 Basis:  Proposed permit limits 
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Results 



Scenarios were compared using time series and longitudinal profiles of pH, dissolved oxygen (DO), total 
phosphorus (TP), ammonia nitrogen (NH3-N), algae (chlorophyll a) and periphyton (dry-weight biomass).  
Depth averaged concentrations over the full water column were compared for pH, DO, TP and NH3-N.  
Chlorophyll a concentrations corresponded to the predicted values at a depth of 1 meter.  For 
periphyton, the average concentration in the upper 10 meters was used.   Below a depth of 10 meters 
periphyton productivity dropped off considerably.  Time series were compared at the outflow of Albeni 
Falls dam, 10 km downstream of the model’s upstream boundary, and 35 km downstream of upstream 
boundary.  Longitudinal profiles were compared for July 3rd at 4 pm (Julian Day 184.625).  This date was 
chosen because it was a warm, summer day with relatively high productivity. 
 



Table 1.  Locations and model segments of time series output. 



Location River Mile 
Model 



Segment 
10 km downstream of upstream boundary 112.6 42 
35 km downstream of upstream boundary 97.5 148 



Outflow from Albeni Falls Dam 90.18 198 
 
Average predicted concentrations of the time series output are listed in Table 2 through Table 7, 
including average concentrations for the entire year and July-September period. 
 



 
Table 2.  Average model predicted concentrations 10 km downstream of upstream boundary for the 



entire year. 
 D. O. 



mg/l 
PO4-P 
mg/l 



NH4-N 
mg/l 



TP 
mg/l 



pH Periphyton 
Biomass 
gD/m2 



Phytoplankton 
Chlorophyll a 



mg/l 
Scenario 1 9.78 0.0009 0.0102 0.0083 8.45 1.7 1.7 
Scenario 2 9.81 0.0011 0.0121 0.0085 8.46 2.0 1.7 



Scenario 2.1 9.81 0.0011 0.0121 0.0085 8.46 2.0 1.7 



 
Table 3.  Average model predicted concentrations 10 km downstream of upstream boundary for the 



July-September period. 
 D. O. 



mg/l 
PO4-P 
mg/l 



NH4-N 
mg/l 



TP 
mg/l 



pH Periphyton 
Biomass 
gD/m2 



Phytoplankton 
Chlorophyll a 



mg/l 
Scenario 1 9.02 0.0008 0.0114 0.0063 8.38 3.1 1.6 
Scenario 2 9.01 0.0008 0.0142 0.0064 8.38 3.3 1.6 



Scenario 2.1 9.01 0.0008 0.0141 0.0063 8.38 3.2 1.6 
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Table 4.  Average model predicted concentrations 35 km downstream of upstream boundary for the 
entire year. 



 D. O. 
mg/l 



PO4-P 
mg/l 



NH4-N 
mg/l 



TP 
mg/l 



pH Periphyton 
Biomass 
gD/m2 



Phytoplankton 
Chlorophyll a 



mg/l 
Scenario 1 9.84 0.0009 0.0099 0.0082 8.42 1.0 1.5 
Scenario 2 9.87 0.0010 0.0108 0.0084 8.44 1.1 1.6 



Scenario 2.1 9.87 0.0010 0.0109 0.0084 8.44 1.1 1.5 



 
 



Table 5.  Average model predicted concentrations 35 km downstream of upstream boundary for the 
July-September period. 



 D. O. 
mg/l 



PO4-P 
mg/l 



NH4-N 
mg/l 



TP 
mg/l 



pH Periphyton 
Biomass 
gD/m2 



Phytoplankton 
Chlorophyll a 



mg/l 
Scenario 1 8.51 0.0009 0.0118 0.0066 8.27 2.1 1.2 
Scenario 2 8.49 0.0009 0.0139 0.0066 8.27 2.3 1.2 



Scenario 2.1 8.49 0.0009 0.0139 0.0066 8.27 2.2 1.2 



 
Table 6.  Average model predicted concentrations at dam outflow for the entire year. 



 D. O. 
mg/l 



PO4-P 
mg/l 



NH4-N 
mg/l 



TP 
mg/l 



pH Periphyton 
Biomass 
gD/m2 



Phytoplankton 
Chlorophyll a 



mg/l 
Scenario 1 9.93 0.0008 0.0091 0.0077 8.45 1.8 1.6 
Scenario 2 9.97 0.0009 0.0100 0.0078 8.46 2.0 1.6 



Scenario 2.1 9.96 0.0009 0.0101 0.0078 8.46 1.9 1.6 



 
 
Table 7.  Average model predicted concentrations at dam outflow for the July-September period. 
 D. O. 



mg/l 
PO4-P 
mg/l 



NH4-N 
mg/l 



TP 
mg/l 



pH Periphyton 
Biomass 
gD/m2 



Phytoplankton 
Chlorophyll a 



mg/l 
Scenario 1 8.75 0.0004 0.0102 0.0058 8.38 2.9 1.5 
Scenario 2 8.73 0.0005 0.0126 0.0058 8.38 3.0 1.5 
Scenario 2.1 8.74 0.0004 0.0127 0.0058 8.38 2.9 1.5 



 
 
 
Time series and a longitudinal plot for each variable and site location are provided in Figures 1-24.  The 
plots are sequenced as follows:  phytoplankton chlorophyll a, periphyton biomass, pH, dissolved oxygen, 
total phosphorus, and ammonia.  There are two plots for each parameter, comparing (a) Scenarios 1 and 
2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 1.  Model predicted phytoplankton chlorophyll a concentrations 10 km downstream of 



upstream boundary.  Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 2.  Model predicted phytoplankton chlorophyll a concentrations 35 km downstream of 



upstream boundary. Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 3.  Model predicted phytoplankton chlorophyll a concentrations at Albeni Falls Dam. 



Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
 



Figure 4.  Longitudinal profile of phytoplankton chlorophyll a concentrations on July 3rd at 4 pm 
(Julian Day 184.625).  Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 



 
 
 
 
 
 
 
 



0



0.5



1



1.5



2



2.5



90 95 100 105 110 115 120



Ch
la



 (u
g/



L)



River Mile



Scenario 1



Scenario 2



0



0.5



1



1.5



2



2.5



90 95 100 105 110 115 120



Ch
la



 (u
g/



L)



River Mile



Scenario 1



Scenario 2.1











10 
 



(a) 



 
(b) 



 
Figure 5.  Model predicted periphyton biomass concentrations 10 km downstream of upstream 



boundary.  Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 6.  Model predicted periphyton biomass concentrations 35 km downstream of upstream 



boundary.  Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 7.  Model predicted periphyton biomass concentrations at Albeni Falls Dam.  Comparison of (a) 



Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 8.  Longitudinal profile of periphyton biomass concentrations on July 3rd at 4 pm (Julian Day 



184.625). Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 9.  Model predicted pH 10 km downstream of upstream boundary.  Comparison of (a) Scenarios 



1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 10.  Model predicted pH 35 km downstream of upstream boundary.  Comparison of (a) 



Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 11.  Model predicted pH at Albeni Falls Dam.  Comparison of (a) Scenarios 1 and 2; and (b) 



Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 12.  Longitudinal profile of pH on July 3rd at 4 pm (Julian Day 184.625).  Comparison of (a) 



Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 131.  Model predicted dissolved oxygen 10 km downstream of upstream boundary.  



Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 24.  Model predicted dissolved oxygen 35 km downstream of upstream boundary.  Comparison 



of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 35.  Model predicted dissolved oxygen at Albeni Falls Dam.  Comparison of (a) Scenarios 1 and 



2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 46.  Longitudinal profile of dissolved oxygen on July 3rd at 4 pm (Julian Day 184.625).  



Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 17.  Model predicted total phosphorus concentration 10 km downstream of upstream 



boundary.  Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 18.  Model predicted total phosphorus concentrations 35 km downstream of upstream 



boundary.  Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 19.  Model predicted total phosphorus concentration at Albeni Falls Dam.  Comparison of (a) 



Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 50.  Longitudinal profile of total phosphorus concentration on July 3rd at 4 pm (Julian Day 



184.625).  Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 61.  Model predicted ammonia nitrogen concentrations 10 km downstream of upstream 



boundary.  Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 72.  Model predicted ammonia nitrogen concentrations 35 km downstream of upstream 



boundary.  Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
 



Figure 23.  Model predicted ammonia nitrogen concentrations at Albeni Falls Dam.  Comparison of (a) 
Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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(a) 



 
(b) 



 
Figure 84.  Longitudinal profile of ammonia nitrogen concentrations on July 3rd at 4 pm (Julian Day 



184.625).  Comparison of (a) Scenarios 1 and 2; and (b) Scenarios 1 and 2.1. 
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TRIM: 2015AKL84 
 
August 3, 2015  
 
STAFF REPORT 
 
To:   June Bergquist 



File 
 
Cc:   
 
From:  Robert Steed, Surface Water Ecologist 
 
Subject:  Pend Oreille River Flow Measurements.   
 
Introduction 
June Bergquist requested that velocity (e.g. meters/second) measurements be taken of the water in the 
vicinity of Sandpoint’s outfall and on the river side of the Long Bridge (thalweg) during July/August 
timeframe.  A Cormix model has been run and estimated these values but real data would be better.  The 
outfall extends 925 feet into the river perpendicular to the bank at the Sandpoint Waste Water Treatment 
Plant (WWTP) location so you can approximate where the end is located.   
 
Measurements 
On August 3, 2015 R. Steed and C. Nelson took the 21’ 
DEQ boat to Pend Oreille River to take these 
measurements.  A Teledyne Gurley 622DE flow 
meter (see example image on right) was utilized and 
readings were displayed on Teledyne Gurley Model 
1100 Digital Flow Velocity Indicator.   The meter was 
lowered over the side of the boat with a hand line, 
fixed, and then measurements were taken.  Depths of 
meter were established with a fiberglass measuring 
tape.  The boat was firmly anchored both with a 
stern anchor and a bow anchor to minimize drift.  
Measurements were taken at 20% and 80% of the 
station depth and recorded separately.  The flow 
meter was observed with a view tube to determine 
flow direction.   
 
A transect, observing water depth, was conducted 
from the WWTP to the opposite shore.  The depth of 
the river was between 14.0 and 14.9 feet for 95% of 
the length, until a channel was observed near the south shore.  The second station was from this 
channel and is believed to represent the thalweg.  The channel was up to 23 ft deep.   
 
August 3rd, 2015 was a hazy day due to fires in Washington.  Wind was blowing due east at force 3 to 
4 (Beaufort scale).  3 to 4 is a gusty wind speed of 8-11 mph constant and gusts in the range of 12-18 
mph.  Input flows into Pend Oreille Lake from the Clark Fork River were approximately 5720 cfs 
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which is lower than the lowest recorded flow of 6320 cfs in 2007.   Mean and Median flows for Clark 
Fork River are 15,400 and 14,300 cfs respectively.   
 
The tables and diagram below show the results of the monitoring effort.   
 
 



Station Latitude Longitude Stn Depth 
(ft) 



Location 



1 48.26163 -116.5592 13.7 Proximal to WWTP outlet 
 



Sub-
Station 



Measurement 
Depth 



(ft) 



Flow 
Direction 



(True 
North) 



Flow 
Velocity 



(cfs) 



Notes: 



1-20% 2.7 N18°E 0.2-0.5  
1-80% 11.0 -not taken- 0.2-0.5 Could not see direction at 11 feet. 



 
Station Latitude Longitude Stn Depth 



(ft) 
Location 



2 48.23918 -116.55803 20.0 Deepest location from transect across 
river from WWTP 



 
Sub-



Station 
Measurement 



Depth 
(ft) 



Flow 
Direction 



(True 
North) 



Flow 
Velocity 



(cfs) 



Notes: 



2-20% 4.0 S25°W 0.5  
2-80% 16.0 S40°W 0.5  



 
Station Latitude Longitude Stn Depth 



(ft) 
Location 



3 48.250561 -116.55852 14.1 Midpoint between Station 1 and Station 
2 



 
Sub-



Station 
Measurement 



Depth 
(ft) 



Flow 
Direction 



(True 
North) 



Flow 
Velocity 



(cfs) 



Notes: 



3-20% 2.8 N90°E 0.5  
3-80% 11.3 S5°W 0.2  



 
Station Latitude Longitude Stn Depth 



(ft) 
Location 



4 4825724 -116.58193 10.7 Downstream end of proposed mixing 
zone. 



 
Sub-



Station 
Measurement 



Depth 
(ft) 



Flow 
Direction 



(True 
North) 



Flow 
Velocity 



(cfs) 



Notes: 



4-20% 2.1 S72E 0.2-0.5  
4-80% 8.6 -not taken- 0.2 Could not see direction at 11 feet. 
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Figure 1.  Measurement locations and vectors representing flow velocity and direction.  Note that 
flow values are in ft/sec rather than cfs as depicted.   
 
Discussion 
It appears that most of the current (flow) in this section of the Pend Oreille River on days like Aug 3, 2015 
are quiescent or affected of wind action.   Unfortunately the instrument recorded stepped values (0.0, 0.2, 
0.5, and 0.8) at such low current conditions, and meters with more resolution should be sought for 
additional monitoring.  Boat rocking may have affected flow measurements; we observed higher flow at 
stations when the boat was rocking from wind waves and other boat wakes.  We attempted to only record 
values when the boat 
was flat for a period 
of time.  No current 
was observed at the 
surface of buoys, 
pilings and docks 
along the entire 
northern shore, the 
spit, or either of the 
bridges.   
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 



REGION 10 
1200 Sixth Avenue, Suite 900 



Seattle, WA 98101-3140 
 



 



 
OFFICE OF 



WATER AND WATERSHEDS 



 
 
MEMORANDUM October 28, 2015 
 
SUBJECT: Results of CORMIX Modeling of the City of Sandpoint Wastewater Treatment 
Plant Discharge for Acute and Chronic Numeric Aquatic Life Water Quality Criteria 
 
FROM: Brian Nickel, Environmental Engineer 
  NPDES Permits Unit 
 
TO:  June Bergquist, Idaho Department of Environmental Quality 



Administrative Record for NPDES Permit Number ID0020842 



1 Overview 
Version 9.0GTD of the CORMIX Mixing Zone Expert System (CORMIX) was used to evaluate 
the mixing properties of toxic pollutants with acute and chronic numeric water quality criteria 
(e.g., ammonia, chlorine and mercury) found in the City of Sandpoint’s Wastewater Treatment 
Plant discharge to the Pend Oreille River.  The model scenarios described herein were adapted 
from earlier work by Mark Shumar of the Idaho Department of Environmental Quality. 



2 Model Inputs 
2.1 Channel Schematization 
The river at the Sandpoint WWTP is very wide (9600ft), so the model was run as an 
unbounded channel with an average depth of 22 feet and a depth at discharge of 17 feet.  A 
manning’s “n” of 0.02 was used, consistent with the recommended value in the CORMIX 
user’s manual for a smooth earth channel with no weeds (Table 4.3). 



2.2 Ambient Current Velocity and Direction 
The velocity used in the model was 0.2 ft/s, which was the low end of the ambient velocity 
measured by Bob Steed of the Idaho Department of Environmental Quality on 8/3/15.  The 
direction at the surface was north 18° east (18° “clockwise” from true north).  The direction at 
80% depth was undetermined, so the direction measured at the surface was used for modeling.  
Under these conditions, the ambient velocity would push the plume toward the shore and 
then toward the spit at the north end of the “long bridge” that carries U.S. Highway 95 over 
the Pend Oreille River. 



2.3 Diffuser Geometry 
The diffuser is 50 meters long, with a midpoint 255 meters from shore.  The diffuser axis is 
roughly perpendicular to the near shoreline.  The diffuser has 41 ports of 3” diameter, which 
are oriented perpendicular to the diffuser axis (i.e., parallel to the near shoreline).   



Using the map of the outfall provided with the application, I estimated the angle of the 
diffuser axis relative to the measured current (CORMIX calls this angle GAMMA) at 56°, and 
the angle of the ports relative to the current (SIGMA) at 146°.  Refer to Figure 4.12 of the 
CORMIX User Manual (Page 55).  Since the angle of the ports relative to the current is greater 
than 90°, the ambient velocity opposes the momentum of the discharge.  CORMIX will run 
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with this geometry only if the “Override Warnings” option is selected from the “Pre-Processing 
Tools” menu.  The CorSpy module in CORMIX was used to find the distance from shore to the 
near and far endpoints of the diffuser, based on the angles and the distance to the diffuser 
midpoint (255 meters). 



This diffuser configuration is shown in Figure 1, below.  Note that the ambient velocity (UA) is 
parallel to the x-axis. 



Figure 1:  CorSpy view of diffuser from top town (plan view) 



 
2.4 Ambient Temperature 
Temperature data collected by DEQ in 2005 indicate a maximum of 0.8 °C of overall 
temperature stratification from the surface of the river to the bottom, with a median of zero.  
Both stratified and uniform ambient temperature scenarios were run, using actual temperature 
data for a particular date and time.   



The uniform temperature run used an ambient temperature of 21.3 °C, which was observed on 
8/13/05 between 8 pm and midnight.  The stratified temperature run used a temperature of 
21.3 °C at the surface and 20.5 °C at the bottom.  These conditions were observed on 8/18/05 
at 1:01 PM. 
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2.5 Effluent Temperature 
The effluent temperature was set to 21°C, which is the maximum effluent temperature 
reported in August, rounded to the nearest whole degree. 



2.6 Effluent Flow 
The effluent flow was set equal to 5.0 mgd, which is the design flow of the POTW, consistent 
with federal regulations stating that, in the case of POTWs, permit effluent limitations, 
standards, or prohibitions shall be calculated based on design flow (40 CFR 122.45(b)(1)). 



3  Mixing Zone Sizing 
Dilution factors were determined for the acute and chronic mixing zones.  Dilution factors are 
the ratios of ambient water to effluent at the edges of the mixing zones.  The reciprocals of the 
dilution factors are the fractions of effluent in the water at the edges of the mixing zones.  



The “size” of the mixing zone can also be expressed in terms of the effluent mixing with a 
certain fraction of the critical low river flows.  Critical low flows vary by the type of criterion 
(acute or chronic aquatic life, or human health).  For acute aquatic life criteria, the 1Q10 flow is 
used.  For most chronic aquatic life criteria, the 7Q10 flow is used.  Ammonia is an exception 
because the averaging period for the chronic ammonia criterion is 30 days, thus, the 30B3 is 
used. 



The acute mixing zone was sized based so that both of the following conditions were met: 



• Acute water quality are met after 15 minutes (900 seconds) of plume travel.  This is one 
of the methods recommended in Sections 2.2.2 and 4.3.3 of the Technical Support 
Document for Water Quality-based Toxics Control (EPA 1991) to ensure that an acute 
mixing zone does not cause lethality to drifting or swimming organisms, if the 
discharge velocity is less than 3 meters per second.  In this case, the discharge velocity is 
1.17 meters per second. 



• The acute mixing zone used no more than 25% of the 1-day, 10-year low flow (1Q10) of 
the Pend Oreille River (IDAPA 58.01.02.060.01.h.i(2)), which is 2,410 CFS.  This provides 
a dilution ratio of 79:1.   



The chronic mixing zone was sized so that both of the following conditions were met: 



• Chronic water quality criteria are met at the point where the plume reaches the shore, 
which is about 380 meters from the point of discharge, in the direction of the ambient 
velocity (personal communication with Mark Shumar, Idaho Department of 
Environmental Quality, October 5, 2015).  



• The chronic mixing zone used no more than 25% of the 7-day, 10-year low flow (7Q10) 
of the Pend Oreille River (IDAPA 58.01.02.060.01.h.i(2)), which is 3,880 CFS.  This 
provides a dilution ratio of 126:1.  Or, for ammonia only, the chronic mixing zone used 
no more than 25% of the 30B3 flow rate of the Pend Oreille River (IDAPA 
58.01.02.060.01.h.i(2)), which is 8,090 CFS.  This provides a dilution ratio of 262:1. 
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4 Results 
The dilution isolines shown in Figures 2 and 3 outline the modeled size and shape of the acute 
and chronic mixing zones (i.e., the portions of the effluent plume that can exceed acute and 
chronic criteria) during two conditions:  In Figure 2, when the temperature of the river water 
at the diffuser is uniform in temperature from top to bottom; and, in Figure 3, there is a 
difference of 0.8°C temperature from top to bottom.   



The difference in water temperature, and therefore density, represented in the second scenario 
results in a significant positive effect on mixing; however, river temperature profile data show 
that a uniform temperature from top to bottom is common during summer months.   



4.1 Uniform Ambient Density 
• Chronic mixing zone:  Dilution at 380m in the direction of the ambient velocity (shore): 



128:1  
o This is equivalent to the effluent mixing with 25.3% of the 7Q10 river flow rate of 



3,880 CFS or 12.1% of the 30B3 river flow rate of 8,090 CFS. 
• Acute mixing zone:  Dilution after 900 seconds (15 minutes) of plume travel : 48:1 



o This is equivalent to the effluent mixing with 15.1% of the 1Q10 river flow rate of 
2,410 CFS. 



The larger dilution isoline in Figure 2 is for the chronic mixing zone for parameters other than 
ammonia, providing a dilution factor of 126:1 (i.e., 25% of the 7Q10).  The chronic mixing zone 
for ammonia is not shown, but would extend 5 meters further downstream than the chronic 
mixing zone for other parameters.  The smaller isoline is for the acute mixing zone, providing 
a dilution factor of 48:1.  
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Figure 2:  Acute (48:1) and chronic (126:1) dilution isolines for uniform ambient density run 



 



4.1.1 Parameter-Specific Results 
The model predicts poorer mixing with uniform ambient density than with stratified ambient 
density (see section 4.2, below), and river temperature profile data show that a uniform 
temperature from top to bottom is common during summer months.  Thus, the uniform 
ambient density model was used for further investigation of the mixing zones for specific 
parameters, using the maximum projected effluent concentration, which is generally the 
maximum measured concentration multiplied by the reasonable potential multiplier.  The 
results are as follows: 



• Distance in the direction of the ambient velocity to meet ammonia criteria: 
o Acute:  6.7m 



 Plume Travel Time:  13 minutes (774 seconds) 
o Chronic:  440m 



• Distance in the direction of the ambient velocity to meet chlorine criteria (using the 
maximum daily effluent limit from the prior permit): 



o Acute:  93m 
 Plume Travel Time:  36 minutes (2,155 seconds) 



o Chronic:  293m 
• Distance in the direction of the ambient velocity distance to meet mercury criteria: 



o Acute:  0 meters (discharge meets the acute criterion at the end of pipe) 
o Chronic:  660m 
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4.2 Stratified Ambient Density 
• Chronic mixing zone:  Dilution at 380 m in the direction of the ambient velocity (shore):  



283:1 
• Acute mixing zone:  Dilution after 900 seconds (15 minutes) of plume travel:  220:1 



Figure 3:  Acute (220:1) and chronic (283:1) dilution isolines for stratified ambient density 
run 



 



5 Discussion and Recommendations 
Since the uniform ambient temperature scenario predicts poorer mixing than the stratified 
ambient density scenario, and temperature data indicate that a uniform ambient temperature 
is commonly observed in the receiving water, the uniform ambient temperature scenario 
should be used for decision making. 



The results of the uniform ambient temperature scenario indicate that: 



• A dilution factor of 48:1 is achieved after 15 minutes of plume travel.  This is less than 
the dilution factor consistent with a mixing zone encompassing 25% of the 1Q10 river 
flow rate (79:1).  Thus, the acute mixing zone should be based on the CORMIX results 
rather than using 25% of the 1Q10.  As stated above, a dilution factor of 48:1 is 
equivalent to a mixing zone encompassing 15.1% of the 1Q10 river flow rate. 



• The dilution factor of 126:1, consistent with a mixing zone encompassing 25% of the 
7Q10 flow rate of the Pend Oreille River, is achieved 375 meters in the direction of the 
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ambient velocity (see Figure 2), which is about 5 meters before the plume would reach 
the shore.  Thus, for parameters with acute and chronic water quality criteria, other 
than ammonia, a chronic mixing zone encompassing 25% of the 7Q10 and providing a 
dilution ratio of 126:1 is appropriate and supported by the CORMIX results. 



• A dilution factor of 128:1 is achieved 380 meters in the direction of the ambient velocity, 
at which point the plume would contact the near shore.  This is less than the dilution 
factor consistent with a mixing zone encompassing 25% of the 30B3 river flow rate 
(262:1).  Thus, for ammonia, the chronic mixing zone should be sized based on the 
CORMIX results rather than using 25% of the 30B3.  As stated above, a dilution factor of 
128:1 is equivalent to a mixing zone encompassing 12.1% of the 30B3 river flow rate. 
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Appendix A:  CORMIX Prediction File for Uniform Ambient Density 
CORMIX2 PREDICTION FILE: 
22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 
                       CORMIX MIXING ZONE EXPERT SYSTEM 
               Subsystem CORMIX2: Multiport Diffuser Discharges 
                             CORMIX Version 9.0GTD                    
                     HYDRO2 Version 9.0.0.0 September 2014    
---------------------------------------------------------------------------------------------- 
---------------------------------------------------------------------------------------------- 
CASE DESCRIPTION 
 Site name/label:   Pend Oreille River - Sandpoint outfall                  
 Design case:       Sandpoint WWTP TP discharge to Pend Oreille River       
 FILE NAME:         C:\...rm density unbounded counterflow actual angle.prd 
 Time stamp:        Wed Oct 21 14:08:52 2015 
  
ENVIRONMENT PARAMETERS (metric units) 
 Unbounded section 
 HA    =      6.71  HD    =      5.18 
 UA    =      0.061 F     =      0.017 USTAR =0.2781E-02 
 UW    =      3.576 UWSTAR=0.4081E-02 
 Uniform density environment 
 STRCND=  U         RHOAM =  997.9279 
  
DIFFUSER DISCHARGE PARAMETERS (metric units) 
 Diffuser type:     DITYPE= unidirectional_perpendicular             
 BANK  =  LEFT      DISTB =    255.00  YB1   =    234.28  YB2   =    275.72 
 LD    =     49.99  NOPEN =   41       SPAC  =      1.25 
 D0    =      0.076 A0    =      0.005 H0    =      0.41  SUB0  =      4.78 
 D0INP =      0.076 CR0   =      1.000 
 Nozzle/port arrangement:   unidirectional_without_fanning           
 GAMMA =     56.00  THETA =      0.00  SIGMA =    146.00  BETA  =     90.00 
 U0    =      1.172 Q0    =      0.219       =0.2191E+00 
 RHO0  =  997.9934  DRHO0 =-.6549E-01  GP0   =-.6436E-03 
 C0    =0.1000E+03  CUNITS=  %                              
 IPOLL =  1         KS    =0.0000E+00  KD    =0.0000E+00 
  
FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (metric units) 
 q0    =0.4382E-02  m0    =0.5134E-02  j0    =-.2820E-05  SIGNJ0=     -1.0 
 Associated 2-d length scales (meters) 
 lQ=B  =      0.004 lM    =     25.63  lm    =      1.38 
 lmp   =  99999.00  lbp   =  99999.00  la    =  99999.00 
  
FLUX VARIABLES - ENTIRE DIFFUSER (metric units) 
 Q0    =0.2191E+00  M0    =0.2567E+00  J0    =-.1410E-03 
 Associated 3-d length scales (meters) 
 LQ    =      0.07  LM    =     30.36  Lm    =      8.31  Lb    =      0.62 
                                       Lmp   =  99999.00  Lbp   =  99999.00 
  
NON-DIMENSIONAL PARAMETERS 
 FR0   =    754.93  FRD0  =    167.26  R     =     19.22  PL    =  140.00 
 (slot)             (port/nozzle) 
  
RECOMPUTED SOURCE CONDITIONS FOR RISER GROUPS: 
 Properties of riser group with  1 ports/nozzles each: 
 U0    =      1.172 D0    =      0.076 A0    =      0.005 THETA =      0.00 
 FR0   =    754.93  FRD0  =    167.26  R     =     19.22 
 (slot)             (riser group) 
  
FLOW CLASSIFICATION 
 222222222222222222222222222222222222222222 
 2  Flow class (CORMIX2)      =    MNU7   2   
 2  Applicable layer depth HS =     5.18  2 
 222222222222222222222222222222222222222222 
  
MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS 
 C0    =0.1000E+03  CUNITS=  %                              
 NTOX  =  0 
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 NSTD  =  0 
 REGMZ =  0 
 XINT  =    500.00  XMAX  =    500.00 
  
X-Y-Z COORDINATE SYSTEM: 
    ORIGIN is located at the bottom and the diffuser mid-point: 
       255.00 m  from the LEFT  bank/shore. 
    X-axis points downstream, Y-axis points to left, Z-axis points upward. 
NSTEP = 100 display intervals per module 
---------------------------------------------------------------------------------------------- 
---------------------------------------------------------------------------------------------- 
BEGIN MOD201: DIFFUSER DISCHARGE MODULE                                        
  
 Due to complex near-field motions:  EQUIVALENT SLOT DIFFUSER (2-D) GEOMETRY 
   
 Profile definitions: 
   BV = Gaussian 1/e (37%) half-width, in vertical plane normal to trajectory 
   BH = top-hat half-width, in horizontal plane normal to trajectory 
   S  = hydrodynamic centerline dilution 
   C  = centerline concentration (includes reaction effects, if any) 
   Uc = Local centerline excess velocity (above ambient) 
   TT = Cumulative travel time 
  
       X        Y       Z        S       C       BV       BH       Uc        TT 
      0.00     0.00    0.41     1.0 0.100E+03   0.00    24.99     1.222   .00000E+00 
  
END OF MOD201: DIFFUSER DISCHARGE MODULE                                       
---------------------------------------------------------------------------------------------- 
---------------------------------------------------------------------------------------------- 
BEGIN MOD271: ACCELERATION ZONE OF UNIDIRECTIONAL CO-FLOWING DIFFUSER          
  
 In this laterally contracting zone the diffuser plume becomes VERTICALLY FULLY  
  MIXED over the entire layer depth (HS =    5.18m). 
   Full mixing is achieved after a plume distance of about five 
   layer depths from the diffuser. 
  
 Profile definitions: 
   BV = layer depth (vertically mixed) 
   BH = top-hat half-width, in horizontal plane normal to trajectory 
   S  = hydrodynamic average (bulk) dilution 
   C  = average (bulk) concentration (includes reaction effects, if any) 
   TT = Cumulative travel time 
  
       X        Y       Z        S       C       BV       BH        TT 
     -0.00     0.00    0.41     1.0 0.100E+03   0.00    24.99 .00000E+00 
     -0.21     0.14    0.43     5.3 0.189E+02   0.05    24.87 .92053E+00 
     -0.41     0.28    0.45     7.1 0.141E+02   0.10    24.74 .23150E+01 
     -0.62     0.42    0.47     8.5 0.118E+02   0.16    24.62 .39637E+01 
     -0.83     0.56    0.49     9.6 0.104E+02   0.21    24.51 .57946E+01 
     -1.04     0.70    0.51    10.6 0.942E+01   0.26    24.39 .77685E+01 
     -1.24     0.84    0.53    11.5 0.867E+01   0.31    24.28 .98604E+01 
     -1.45     0.98    0.55    12.4 0.808E+01   0.36    24.18 .12053E+02 
     -1.66     1.12    0.57    13.2 0.759E+01   0.41    24.07 .14332E+02 
     -1.86     1.26    0.60    13.9 0.719E+01   0.47    23.97 .16688E+02 
     -2.07     1.40    0.62    14.6 0.685E+01   0.52    23.88 .19114E+02 
     -2.28     1.54    0.64    15.3 0.655E+01   0.57    23.78 .21601E+02 
     -2.49     1.68    0.66    15.9 0.629E+01   0.62    23.69 .24146E+02 
     -2.69     1.82    0.68    16.5 0.606E+01   0.67    23.60 .26743E+02 
     -2.90     1.96    0.70    17.1 0.585E+01   0.73    23.51 .29388E+02 
     -3.11     2.10    0.72    17.7 0.566E+01   0.78    23.43 .32077E+02 
     -3.32     2.24    0.74    18.2 0.549E+01   0.83    23.34 .34809E+02 
     -3.52     2.38    0.76    18.7 0.534E+01   0.88    23.26 .37579E+02 
     -3.73     2.52    0.78    19.3 0.519E+01   0.93    23.19 .40386E+02 
     -3.94     2.66    0.81    19.8 0.506E+01   0.98    23.11 .43228E+02 
     -4.14     2.80    0.83    20.2 0.494E+01   1.04    23.04 .46102E+02 
     -4.35     2.94    0.85    20.7 0.483E+01   1.09    22.97 .49008E+02 
     -4.56     3.07    0.87    21.2 0.472E+01   1.14    22.90 .51942E+02 
     -4.77     3.21    0.89    21.6 0.462E+01   1.19    22.83 .54905E+02 
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     -4.97     3.35    0.91    22.1 0.453E+01   1.24    22.76 .57894E+02 
     -5.18     3.49    0.93    22.5 0.444E+01   1.30    22.70 .60909E+02 
     -5.39     3.63    0.95    22.9 0.436E+01   1.35    22.63 .63947E+02 
     -5.59     3.77    0.97    23.4 0.428E+01   1.40    22.57 .67010E+02 
     -5.80     3.91    1.00    23.8 0.421E+01   1.45    22.51 .70094E+02 
     -6.01     4.05    1.02    24.2 0.414E+01   1.50    22.45 .73200E+02 
     -6.22     4.19    1.04    24.6 0.407E+01   1.55    22.39 .76327E+02 
     -6.42     4.33    1.06    25.0 0.401E+01   1.61    22.34 .79474E+02 
     -6.63     4.47    1.08    25.3 0.395E+01   1.66    22.28 .82639E+02 
     -6.84     4.61    1.10    25.7 0.389E+01   1.71    22.23 .85824E+02 
     -7.05     4.75    1.12    26.1 0.383E+01   1.76    22.18 .89026E+02 
     -7.25     4.89    1.14    26.5 0.378E+01   1.81    22.12 .92245E+02 
     -7.46     5.03    1.16    26.8 0.373E+01   1.87    22.07 .95481E+02 
     -7.67     5.17    1.19    27.2 0.368E+01   1.92    22.03 .98733E+02 
     -7.87     5.31    1.21    27.5 0.363E+01   1.97    21.98 .10200E+03 
     -8.08     5.45    1.23    27.9 0.359E+01   2.02    21.93 .10528E+03 
     -8.29     5.59    1.25    28.2 0.355E+01   2.07    21.89 .10858E+03 
     -8.50     5.73    1.27    28.5 0.350E+01   2.12    21.84 .11189E+03 
     -8.70     5.87    1.29    28.9 0.346E+01   2.18    21.80 .11522E+03 
     -8.91     6.01    1.31    29.2 0.342E+01   2.23    21.75 .11856E+03 
     -9.12     6.15    1.33    29.5 0.339E+01   2.28    21.71 .12191E+03 
     -9.32     6.29    1.35    29.9 0.335E+01   2.33    21.67 .12528E+03 
     -9.53     6.43    1.38    30.2 0.331E+01   2.38    21.63 .12866E+03 
     -9.74     6.57    1.40    30.5 0.328E+01   2.44    21.59 .13205E+03 
     -9.95     6.71    1.42    30.8 0.325E+01   2.49    21.55 .13545E+03 
    -10.15     6.85    1.44    31.1 0.321E+01   2.54    21.52 .13886E+03 
    -10.36     6.99    1.46    31.4 0.318E+01   2.59    21.48 .14229E+03 
    -10.57     7.13    1.48    31.7 0.315E+01   2.64    21.44 .14572E+03 
    -10.77     7.27    1.50    32.0 0.312E+01   2.69    21.41 .14917E+03 
    -10.98     7.41    1.52    32.3 0.309E+01   2.75    21.38 .15263E+03 
    -11.19     7.55    1.54    32.6 0.307E+01   2.80    21.34 .15610E+03 
    -11.40     7.69    1.56    32.9 0.304E+01   2.85    21.31 .15957E+03 
    -11.60     7.83    1.59    33.2 0.301E+01   2.90    21.28 .16306E+03 
    -11.81     7.97    1.61    33.5 0.299E+01   2.95    21.25 .16656E+03 
    -12.02     8.11    1.63    33.8 0.296E+01   3.01    21.22 .17007E+03 
    -12.23     8.25    1.65    34.0 0.294E+01   3.06    21.19 .17358E+03 
    -12.43     8.39    1.67    34.3 0.291E+01   3.11    21.17 .17711E+03 
    -12.64     8.53    1.69    34.6 0.289E+01   3.16    21.14 .18064E+03 
    -12.85     8.67    1.71    34.9 0.287E+01   3.21    21.11 .18418E+03 
    -13.05     8.81    1.73    35.1 0.285E+01   3.26    21.09 .18773E+03 
    -13.26     8.94    1.75    35.4 0.282E+01   3.32    21.06 .19129E+03 
    -13.47     9.08    1.78    35.7 0.280E+01   3.37    21.04 .19486E+03 
    -13.68     9.22    1.80    35.9 0.278E+01   3.42    21.02 .19844E+03 
    -13.88     9.36    1.82    36.2 0.276E+01   3.47    21.00 .20202E+03 
    -14.09     9.50    1.84    36.5 0.274E+01   3.52    20.98 .20561E+03 
    -14.30     9.64    1.86    36.7 0.272E+01   3.58    20.96 .20921E+03 
    -14.50     9.78    1.88    37.0 0.270E+01   3.63    20.94 .21282E+03 
    -14.71     9.92    1.90    37.2 0.268E+01   3.68    20.92 .21643E+03 
    -14.92    10.06    1.92    37.5 0.267E+01   3.73    20.90 .22005E+03 
    -15.13    10.20    1.94    37.8 0.265E+01   3.78    20.89 .22368E+03 
    -15.33    10.34    1.97    38.0 0.263E+01   3.83    20.87 .22731E+03 
    -15.54    10.48    1.99    38.3 0.261E+01   3.89    20.86 .23096E+03 
    -15.75    10.62    2.01    38.5 0.260E+01   3.94    20.84 .23460E+03 
    -15.95    10.76    2.03    38.8 0.258E+01   3.99    20.83 .23826E+03 
    -16.16    10.90    2.05    39.0 0.256E+01   4.04    20.82 .24192E+03 
    -16.37    11.04    2.07    39.2 0.255E+01   4.09    20.81 .24559E+03 
    -16.58    11.18    2.09    39.5 0.253E+01   4.15    20.80 .24926E+03 
    -16.78    11.32    2.11    39.7 0.252E+01   4.20    20.79 .25294E+03 
    -16.99    11.46    2.13    40.0 0.250E+01   4.25    20.78 .25663E+03 
    -17.20    11.60    2.16    40.2 0.249E+01   4.30    20.77 .26032E+03 
    -17.41    11.74    2.18    40.4 0.247E+01   4.35    20.76 .26402E+03 
    -17.61    11.88    2.20    40.7 0.246E+01   4.40    20.75 .26773E+03 
    -17.82    12.02    2.22    40.9 0.245E+01   4.46    20.75 .27144E+03 
    -18.03    12.16    2.24    41.1 0.243E+01   4.51    20.74 .27515E+03 
    -18.23    12.30    2.26    41.4 0.242E+01   4.56    20.73 .27888E+03 
    -18.44    12.44    2.28    41.6 0.240E+01   4.61    20.73 .28260E+03 
    -18.65    12.58    2.30    41.8 0.239E+01   4.66    20.72 .28634E+03 
    -18.86    12.72    2.32    42.0 0.238E+01   4.72    20.72 .29007E+03 
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    -19.06    12.86    2.35    42.3 0.237E+01   4.77    20.71 .29382E+03 
    -19.27    13.00    2.37    42.5 0.235E+01   4.82    20.71 .29757E+03 
    -19.48    13.14    2.39    42.7 0.234E+01   4.87    20.71 .30132E+03 
    -19.68    13.28    2.41    42.9 0.233E+01   4.92    20.70 .30508E+03 
    -19.89    13.42    2.43    43.2 0.232E+01   4.97    20.70 .30884E+03 
    -20.10    13.56    2.45    43.4 0.231E+01   5.03    20.70 .31261E+03 
    -20.31    13.70    2.47    43.6 0.229E+01   5.08    20.70 .31638E+03 
    -20.51    13.84    2.49    43.8 0.228E+01   5.13    20.70 .32016E+03 
    -20.72    13.98    2.51    44.0 0.227E+01   5.18    20.69 .32395E+03 
 Cumulative travel time =         323.9460 sec  (    0.09 hrs) 
   Plume centerline may exhibit slight discontinuities in transition 
     to subsequent far-field module. 
  
END OF MOD271: ACCELERATION ZONE OF UNIDIRECTIONAL CO-FLOWING DIFFUSER         
---------------------------------------------------------------------------------------------- 
---------------------------------------------------------------------------------------------- 
BEGIN MOD251: DIFFUSER PLUME IN CO-FLOW                                        
  
 Phase 1: Vertically mixed, Phase 2: Re-stratified 
  
 Phase 1: The diffuser plume is VERTICALLY FULLY MIXED over the 
          entire layer depth. 
 This flow region is INSIGNIFICANT in spatial extent and will be by-passed. 
----------------------------------------------------------------------------------------------- 
 Phase 2: The flow has RESTRATIFIED at the beginning of this zone. 
  
 This flow region is INSIGNIFICANT in spatial extent and will be by-passed. 
  
END OF MOD251: DIFFUSER PLUME IN CO-FLOW                                       
---------------------------------------------------------------------------------------------- 
** End of NEAR-FIELD REGION (NFR) ** 
   
 The initial plume WIDTH values in the next far-field module will be  
  CORRECTED by a factor  0.86 to conserve the mass flux in the far-field! 
---------------------------------------------------------------------------------------------- 
BEGIN MOD241: BUOYANT AMBIENT SPREADING                                        
  
 Profile definitions: 
   BV = top-hat thickness, measured vertically 
   BH = top-hat half-width, measured horizontally in y-direction 
   ZU = upper plume boundary (Z-coordinate) 
   ZL = lower plume boundary (Z-coordinate) 
   S  = hydrodynamic average (bulk) dilution 
   C  = average (bulk) concentration (includes reaction effects, if any) 
   TT = Cumulative travel time 
  
 Plume Stage 1 (not bank attached): 
       X        Y       Z        S       C       BV       BH      ZU      ZL       TT 
    -20.72    13.98    0.00    44.0 0.227E+01   5.18    15.26    5.18    0.00   .32395E+03 
    -16.80    13.98    0.00    44.4 0.225E+01   5.10    15.65    5.10    0.00   .38826E+03 
    -12.88    13.98    0.00    44.9 0.223E+01   5.03    16.03    5.03    0.00   .45257E+03 
     -8.96    13.98    0.00    45.3 0.221E+01   4.96    16.41    4.96    0.00   .51688E+03 
     -5.04    13.98    0.00    45.7 0.219E+01   4.90    16.78    4.90    0.00   .58119E+03 
     -1.12    13.98    0.00    46.2 0.217E+01   4.84    17.15    4.84    0.00   .64549E+03 
      2.80    13.98    0.00    46.6 0.215E+01   4.78    17.51    4.78    0.00   .70980E+03 
      6.72    13.98    0.00    47.0 0.213E+01   4.73    17.87    4.73    0.00   .77411E+03 
     10.64    13.98    0.00    47.5 0.211E+01   4.68    18.23    4.68    0.00   .83842E+03 
     14.56    13.98    0.00    47.9 0.209E+01   4.63    18.58    4.63    0.00   .90273E+03 
     18.48    13.98    0.00    48.4 0.207E+01   4.59    18.93    4.59    0.00   .96704E+03 
     22.40    13.98    0.00    48.8 0.205E+01   4.55    19.28    4.55    0.00   .10314E+04 
     26.32    13.98    0.00    49.3 0.203E+01   4.51    19.62    4.51    0.00   .10957E+04 
     30.24    13.98    0.00    49.8 0.201E+01   4.48    19.96    4.48    0.00   .11600E+04 
     34.16    13.98    0.00    50.2 0.199E+01   4.45    20.29    4.45    0.00   .12243E+04 
     38.08    13.98    0.00    50.7 0.197E+01   4.42    20.63    4.42    0.00   .12886E+04 
     42.00    13.98    0.00    51.2 0.195E+01   4.39    20.96    4.39    0.00   .13529E+04 
     45.92    13.98    0.00    51.7 0.194E+01   4.36    21.28    4.36    0.00   .14172E+04 
     49.85    13.98    0.00    52.1 0.192E+01   4.34    21.61    4.34    0.00   .14815E+04 
     53.77    13.98    0.00    52.6 0.190E+01   4.31    21.93    4.31    0.00   .15458E+04 
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     57.69    13.98    0.00    53.1 0.188E+01   4.29    22.25    4.29    0.00   .16101E+04 
     61.61    13.98    0.00    53.7 0.186E+01   4.27    22.57    4.27    0.00   .16745E+04 
     65.53    13.98    0.00    54.2 0.185E+01   4.25    22.88    4.25    0.00   .17388E+04 
     69.45    13.98    0.00    54.7 0.183E+01   4.24    23.19    4.24    0.00   .18031E+04 
     73.37    13.98    0.00    55.2 0.181E+01   4.22    23.50    4.22    0.00   .18674E+04 
     77.29    13.98    0.00    55.8 0.179E+01   4.21    23.81    4.21    0.00   .19317E+04 
     81.21    13.98    0.00    56.3 0.178E+01   4.19    24.12    4.19    0.00   .19960E+04 
     85.13    13.98    0.00    56.9 0.176E+01   4.18    24.42    4.18    0.00   .20603E+04 
     89.05    13.98    0.00    57.4 0.174E+01   4.17    24.72    4.17    0.00   .21246E+04 
     92.97    13.98    0.00    58.0 0.172E+01   4.16    25.02    4.16    0.00   .21889E+04 
     96.89    13.98    0.00    58.6 0.171E+01   4.16    25.32    4.16    0.00   .22532E+04 
    100.81    13.98    0.00    59.2 0.169E+01   4.15    25.62    4.15    0.00   .23176E+04 
    104.73    13.98    0.00    59.7 0.167E+01   4.14    25.91    4.14    0.00   .23819E+04 
    108.65    13.98    0.00    60.3 0.166E+01   4.14    26.20    4.14    0.00   .24462E+04 
    112.57    13.98    0.00    61.0 0.164E+01   4.13    26.49    4.13    0.00   .25105E+04 
    116.49    13.98    0.00    61.6 0.162E+01   4.13    26.78    4.13    0.00   .25748E+04 
    120.41    13.98    0.00    62.2 0.161E+01   4.13    27.07    4.13    0.00   .26391E+04 
    124.33    13.98    0.00    62.8 0.159E+01   4.13    27.35    4.13    0.00   .27034E+04 
    128.25    13.98    0.00    63.5 0.158E+01   4.13    27.64    4.13    0.00   .27677E+04 
    132.17    13.98    0.00    64.1 0.156E+01   4.13    27.92    4.13    0.00   .28320E+04 
    136.09    13.98    0.00    64.8 0.154E+01   4.13    28.20    4.13    0.00   .28963E+04 
    140.01    13.98    0.00    65.5 0.153E+01   4.13    28.48    4.13    0.00   .29606E+04 
    143.93    13.98    0.00    66.2 0.151E+01   4.13    28.76    4.13    0.00   .30250E+04 
    147.85    13.98    0.00    66.9 0.150E+01   4.14    29.04    4.14    0.00   .30893E+04 
    151.77    13.98    0.00    67.6 0.148E+01   4.14    29.31    4.14    0.00   .31536E+04 
    155.69    13.98    0.00    68.3 0.146E+01   4.15    29.58    4.15    0.00   .32179E+04 
    159.61    13.98    0.00    69.0 0.145E+01   4.15    29.86    4.15    0.00   .32822E+04 
    163.53    13.98    0.00    69.7 0.143E+01   4.16    30.13    4.16    0.00   .33465E+04 
    167.46    13.98    0.00    70.5 0.142E+01   4.16    30.40    4.16    0.00   .34108E+04 
    171.38    13.98    0.00    71.2 0.140E+01   4.17    30.67    4.17    0.00   .34751E+04 
    175.30    13.98    0.00    72.0 0.139E+01   4.18    30.93    4.18    0.00   .35394E+04 
    179.22    13.98    0.00    72.7 0.137E+01   4.19    31.20    4.19    0.00   .36037E+04 
    183.14    13.98    0.00    73.5 0.136E+01   4.20    31.46    4.20    0.00   .36681E+04 
    187.06    13.98    0.00    74.3 0.135E+01   4.21    31.73    4.21    0.00   .37324E+04 
    190.98    13.98    0.00    75.1 0.133E+01   4.22    31.99    4.22    0.00   .37967E+04 
    194.90    13.98    0.00    75.9 0.132E+01   4.23    32.25    4.23    0.00   .38610E+04 
    198.82    13.98    0.00    76.8 0.130E+01   4.24    32.51    4.24    0.00   .39253E+04 
    202.74    13.98    0.00    77.6 0.129E+01   4.25    32.77    4.25    0.00   .39896E+04 
    206.66    13.98    0.00    78.4 0.128E+01   4.27    33.03    4.27    0.00   .40539E+04 
    210.58    13.98    0.00    79.3 0.126E+01   4.28    33.29    4.28    0.00   .41182E+04 
    214.50    13.98    0.00    80.1 0.125E+01   4.29    33.54    4.29    0.00   .41825E+04 
    218.42    13.98    0.00    81.0 0.123E+01   4.31    33.80    4.31    0.00   .42468E+04 
    222.34    13.98    0.00    81.9 0.122E+01   4.32    34.05    4.32    0.00   .43112E+04 
    226.26    13.98    0.00    82.8 0.121E+01   4.34    34.31    4.34    0.00   .43755E+04 
    230.18    13.98    0.00    83.7 0.119E+01   4.35    34.56    4.35    0.00   .44398E+04 
    234.10    13.98    0.00    84.6 0.118E+01   4.37    34.81    4.37    0.00   .45041E+04 
    238.02    13.98    0.00    85.6 0.117E+01   4.39    35.06    4.39    0.00   .45684E+04 
    241.94    13.98    0.00    86.5 0.116E+01   4.40    35.31    4.40    0.00   .46327E+04 
    245.86    13.98    0.00    87.5 0.114E+01   4.42    35.56    4.42    0.00   .46970E+04 
    249.78    13.98    0.00    88.4 0.113E+01   4.44    35.80    4.44    0.00   .47613E+04 
    253.70    13.98    0.00    89.4 0.112E+01   4.46    36.05    4.46    0.00   .48256E+04 
    257.62    13.98    0.00    90.4 0.111E+01   4.47    36.30    4.47    0.00   .48899E+04 
    261.54    13.98    0.00    91.4 0.109E+01   4.49    36.54    4.49    0.00   .49543E+04 
    265.46    13.98    0.00    92.4 0.108E+01   4.51    36.78    4.51    0.00   .50186E+04 
    269.38    13.98    0.00    93.4 0.107E+01   4.53    37.03    4.53    0.00   .50829E+04 
    273.30    13.98    0.00    94.5 0.106E+01   4.55    37.27    4.55    0.00   .51472E+04 
    277.22    13.98    0.00    95.5 0.105E+01   4.57    37.51    4.57    0.00   .52115E+04 
    281.14    13.98    0.00    96.6 0.104E+01   4.60    37.75    4.60    0.00   .52758E+04 
    285.07    13.98    0.00    97.6 0.102E+01   4.62    37.99    4.62    0.00   .53401E+04 
    288.99    13.98    0.00    98.7 0.101E+01   4.64    38.23    4.64    0.00   .54044E+04 
    292.91    13.98    0.00    99.8 0.100E+01   4.66    38.47    4.66    0.00   .54687E+04 
    296.83    13.98    0.00   100.9 0.991E+00   4.68    38.71    4.68    0.00   .55330E+04 
    300.75    13.98    0.00   102.0 0.980E+00   4.71    38.94    4.71    0.00   .55974E+04 
    304.67    13.98    0.00   103.2 0.969E+00   4.73    39.18    4.73    0.00   .56617E+04 
    308.59    13.98    0.00   104.3 0.959E+00   4.75    39.42    4.75    0.00   .57260E+04 
    312.51    13.98    0.00   105.4 0.948E+00   4.78    39.65    4.78    0.00   .57903E+04 
    316.43    13.98    0.00   106.6 0.938E+00   4.80    39.88    4.80    0.00   .58546E+04 
    320.35    13.98    0.00   107.8 0.928E+00   4.83    40.12    4.83    0.00   .59189E+04 
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    324.27    13.98    0.00   109.0 0.918E+00   4.85    40.35    4.85    0.00   .59832E+04 
    328.19    13.98    0.00   110.2 0.908E+00   4.88    40.58    4.88    0.00   .60475E+04 
    332.11    13.98    0.00   111.4 0.898E+00   4.90    40.81    4.90    0.00   .61118E+04 
    336.03    13.98    0.00   112.6 0.888E+00   4.93    41.04    4.93    0.00   .61761E+04 
    339.95    13.98    0.00   113.9 0.878E+00   4.96    41.27    4.96    0.00   .62405E+04 
    343.87    13.98    0.00   115.1 0.869E+00   4.98    41.50    4.98    0.00   .63048E+04 
    347.79    13.98    0.00   116.4 0.859E+00   5.01    41.73    5.01    0.00   .63691E+04 
    351.71    13.98    0.00   117.7 0.850E+00   5.04    41.96    5.04    0.00   .64334E+04 
    355.63    13.98    0.00   118.9 0.841E+00   5.07    42.19    5.07    0.00   .64977E+04 
    359.55    13.98    0.00   120.3 0.832E+00   5.09    42.42    5.09    0.00   .65620E+04 
    363.47    13.98    0.00   121.6 0.823E+00   5.12    42.64    5.12    0.00   .66263E+04 
    367.39    13.98    0.00   122.9 0.814E+00   5.15    42.87    5.15    0.00   .66906E+04 
    371.31    13.98    0.00   124.2 0.805E+00   5.18    43.09    5.18    0.00   .67549E+04 
 Cumulative travel time =        6754.9312 sec  (    1.88 hrs) 
  
END OF MOD241: BUOYANT AMBIENT SPREADING                                       
---------------------------------------------------------------------------------------------- 
 Due to the attachment or proximity of the plume to the bottom, the bottom 
   coordinate for the FAR-FIELD differs from the ambient depth, ZFB = 0 m. 
 In a subsequent analysis set "depth at discharge" equal to "ambient depth". 
---------------------------------------------------------------------------------------------- 
BEGIN MOD261: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT                        
  
  Vertical diffusivity (initial value)   = 0.464E-02 m^2/s 
  Horizontal diffusivity (initial value) = 0.227E+00 m^2/s 
  
 Profile definitions: 
   BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
      = or equal to layer depth, if fully mixed 
   BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
        measured horizontally in Y-direction 
   ZU = upper plume boundary (Z-coordinate) 
   ZL = lower plume boundary (Z-coordinate) 
   S  = hydrodynamic centerline dilution 
   C  = centerline concentration (includes reaction effects, if any) 
   TT = Cumulative travel time 
  
 Plume Stage 1 (not bank attached): 
       X        Y       Z        S       C       BV       BH      ZU      ZL       TT 
    371.31    13.98    0.00   124.2 0.805E+00   5.18    43.09    5.18    0.00   .67549E+04 
 Plume interacts with SURFACE. 
 The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 
   prediction interval. 
    372.60    13.98    0.00   124.8 0.801E+00   5.18    43.27    5.18    0.00   .67760E+04 
    373.89    13.98    0.00   125.3 0.798E+00   5.18    43.44    5.18    0.00   .67971E+04 
    375.17    13.98    0.00   125.8 0.795E+00   5.18    43.62    5.18    0.00   .68183E+04 
    376.46    13.98    0.00   126.3 0.792E+00   5.18    43.79    5.18    0.00   .68394E+04 
    377.75    13.98    0.00   126.8 0.789E+00   5.18    43.97    5.18    0.00   .68605E+04 
    379.03    13.98    0.00   127.3 0.786E+00   5.18    44.14    5.18    0.00   .68816E+04 
    380.32    13.98    0.00   127.8 0.782E+00   5.18    44.32    5.18    0.00   .69027E+04 
    381.61    13.98    0.00   128.3 0.779E+00   5.18    44.49    5.18    0.00   .69238E+04 
    382.89    13.98    0.00   128.8 0.776E+00   5.18    44.67    5.18    0.00   .69449E+04 
    384.18    13.98    0.00   129.3 0.773E+00   5.18    44.85    5.18    0.00   .69660E+04 
    385.47    13.98    0.00   129.8 0.770E+00   5.18    45.02    5.18    0.00   .69871E+04 
    386.75    13.98    0.00   130.4 0.767E+00   5.18    45.20    5.18    0.00   .70082E+04 
    388.04    13.98    0.00   130.9 0.764E+00   5.18    45.38    5.18    0.00   .70294E+04 
    389.33    13.98    0.00   131.4 0.761E+00   5.18    45.56    5.18    0.00   .70505E+04 
    390.62    13.98    0.00   131.9 0.758E+00   5.18    45.73    5.18    0.00   .70716E+04 
    391.90    13.98    0.00   132.4 0.755E+00   5.18    45.91    5.18    0.00   .70927E+04 
    393.19    13.98    0.00   132.9 0.752E+00   5.18    46.09    5.18    0.00   .71138E+04 
    394.48    13.98    0.00   133.4 0.749E+00   5.18    46.27    5.18    0.00   .71349E+04 
    395.76    13.98    0.00   133.9 0.747E+00   5.18    46.45    5.18    0.00   .71560E+04 
    397.05    13.98    0.00   134.5 0.744E+00   5.18    46.63    5.18    0.00   .71771E+04 
    398.34    13.98    0.00   135.0 0.741E+00   5.18    46.81    5.18    0.00   .71982E+04 
    399.62    13.98    0.00   135.5 0.738E+00   5.18    46.99    5.18    0.00   .72193E+04 
    400.91    13.98    0.00   136.0 0.735E+00   5.18    47.16    5.18    0.00   .72405E+04 
    402.20    13.98    0.00   136.5 0.732E+00   5.18    47.34    5.18    0.00   .72616E+04 
    403.48    13.98    0.00   137.1 0.730E+00   5.18    47.52    5.18    0.00   .72827E+04 
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    404.77    13.98    0.00   137.6 0.727E+00   5.18    47.70    5.18    0.00   .73038E+04 
    406.06    13.98    0.00   138.1 0.724E+00   5.18    47.89    5.18    0.00   .73249E+04 
    407.34    13.98    0.00   138.6 0.721E+00   5.18    48.07    5.18    0.00   .73460E+04 
    408.63    13.98    0.00   139.1 0.719E+00   5.18    48.25    5.18    0.00   .73671E+04 
    409.92    13.98    0.00   139.7 0.716E+00   5.18    48.43    5.18    0.00   .73882E+04 
    411.20    13.98    0.00   140.2 0.713E+00   5.18    48.61    5.18    0.00   .74093E+04 
    412.49    13.98    0.00   140.7 0.711E+00   5.18    48.79    5.18    0.00   .74304E+04 
    413.78    13.98    0.00   141.2 0.708E+00   5.18    48.97    5.18    0.00   .74516E+04 
    415.07    13.98    0.00   141.8 0.705E+00   5.18    49.16    5.18    0.00   .74727E+04 
    416.35    13.98    0.00   142.3 0.703E+00   5.18    49.34    5.18    0.00   .74938E+04 
    417.64    13.98    0.00   142.8 0.700E+00   5.18    49.52    5.18    0.00   .75149E+04 
    418.93    13.98    0.00   143.3 0.698E+00   5.18    49.70    5.18    0.00   .75360E+04 
    420.21    13.98    0.00   143.9 0.695E+00   5.18    49.89    5.18    0.00   .75571E+04 
    421.50    13.98    0.00   144.4 0.693E+00   5.18    50.07    5.18    0.00   .75782E+04 
    422.79    13.98    0.00   144.9 0.690E+00   5.18    50.25    5.18    0.00   .75993E+04 
    424.07    13.98    0.00   145.4 0.688E+00   5.18    50.44    5.18    0.00   .76204E+04 
    425.36    13.98    0.00   146.0 0.685E+00   5.18    50.62    5.18    0.00   .76415E+04 
    426.65    13.98    0.00   146.5 0.683E+00   5.18    50.80    5.18    0.00   .76627E+04 
    427.93    13.98    0.00   147.0 0.680E+00   5.18    50.99    5.18    0.00   .76838E+04 
    429.22    13.98    0.00   147.6 0.678E+00   5.18    51.17    5.18    0.00   .77049E+04 
    430.51    13.98    0.00   148.1 0.675E+00   5.18    51.36    5.18    0.00   .77260E+04 
    431.79    13.98    0.00   148.6 0.673E+00   5.18    51.54    5.18    0.00   .77471E+04 
    433.08    13.98    0.00   149.2 0.670E+00   5.18    51.73    5.18    0.00   .77682E+04 
    434.37    13.98    0.00   149.7 0.668E+00   5.18    51.91    5.18    0.00   .77893E+04 
    435.66    13.98    0.00   150.2 0.666E+00   5.18    52.10    5.18    0.00   .78104E+04 
    436.94    13.98    0.00   150.8 0.663E+00   5.18    52.28    5.18    0.00   .78315E+04 
    438.23    13.98    0.00   151.3 0.661E+00   5.18    52.47    5.18    0.00   .78526E+04 
    439.52    13.98    0.00   151.9 0.659E+00   5.18    52.66    5.18    0.00   .78738E+04 
    440.80    13.98    0.00   152.4 0.656E+00   5.18    52.84    5.18    0.00   .78949E+04 
    442.09    13.98    0.00   152.9 0.654E+00   5.18    53.03    5.18    0.00   .79160E+04 
    443.38    13.98    0.00   153.5 0.652E+00   5.18    53.22    5.18    0.00   .79371E+04 
    444.66    13.98    0.00   154.0 0.649E+00   5.18    53.40    5.18    0.00   .79582E+04 
    445.95    13.98    0.00   154.6 0.647E+00   5.18    53.59    5.18    0.00   .79793E+04 
    447.24    13.98    0.00   155.1 0.645E+00   5.18    53.78    5.18    0.00   .80004E+04 
    448.52    13.98    0.00   155.6 0.643E+00   5.18    53.97    5.18    0.00   .80215E+04 
    449.81    13.98    0.00   156.2 0.640E+00   5.18    54.16    5.18    0.00   .80426E+04 
    451.10    13.98    0.00   156.7 0.638E+00   5.18    54.34    5.18    0.00   .80637E+04 
    452.38    13.98    0.00   157.3 0.636E+00   5.18    54.53    5.18    0.00   .80849E+04 
    453.67    13.98    0.00   157.8 0.634E+00   5.18    54.72    5.18    0.00   .81060E+04 
    454.96    13.98    0.00   158.4 0.632E+00   5.18    54.91    5.18    0.00   .81271E+04 
    456.25    13.98    0.00   158.9 0.629E+00   5.18    55.10    5.18    0.00   .81482E+04 
    457.53    13.98    0.00   159.4 0.627E+00   5.18    55.29    5.18    0.00   .81693E+04 
    458.82    13.98    0.00   160.0 0.625E+00   5.18    55.48    5.18    0.00   .81904E+04 
    460.11    13.98    0.00   160.5 0.623E+00   5.18    55.67    5.18    0.00   .82115E+04 
    461.39    13.98    0.00   161.1 0.621E+00   5.18    55.86    5.18    0.00   .82326E+04 
    462.68    13.98    0.00   161.6 0.619E+00   5.18    56.05    5.18    0.00   .82537E+04 
    463.97    13.98    0.00   162.2 0.617E+00   5.18    56.24    5.18    0.00   .82748E+04 
    465.25    13.98    0.00   162.7 0.615E+00   5.18    56.43    5.18    0.00   .82960E+04 
    466.54    13.98    0.00   163.3 0.612E+00   5.18    56.62    5.18    0.00   .83171E+04 
    467.83    13.98    0.00   163.8 0.610E+00   5.18    56.81    5.18    0.00   .83382E+04 
    469.11    13.98    0.00   164.4 0.608E+00   5.18    57.00    5.18    0.00   .83593E+04 
    470.40    13.98    0.00   164.9 0.606E+00   5.18    57.19    5.18    0.00   .83804E+04 
    471.69    13.98    0.00   165.5 0.604E+00   5.18    57.39    5.18    0.00   .84015E+04 
    472.97    13.98    0.00   166.0 0.602E+00   5.18    57.58    5.18    0.00   .84226E+04 
    474.26    13.98    0.00   166.6 0.600E+00   5.18    57.77    5.18    0.00   .84437E+04 
    475.55    13.98    0.00   167.2 0.598E+00   5.18    57.96    5.18    0.00   .84648E+04 
    476.84    13.98    0.00   167.7 0.596E+00   5.18    58.16    5.18    0.00   .84859E+04 
    478.12    13.98    0.00   168.3 0.594E+00   5.18    58.35    5.18    0.00   .85071E+04 
    479.41    13.98    0.00   168.8 0.592E+00   5.18    58.54    5.18    0.00   .85282E+04 
    480.70    13.98    0.00   169.4 0.590E+00   5.18    58.73    5.18    0.00   .85493E+04 
    481.98    13.98    0.00   169.9 0.588E+00   5.18    58.93    5.18    0.00   .85704E+04 
    483.27    13.98    0.00   170.5 0.587E+00   5.18    59.12    5.18    0.00   .85915E+04 
    484.56    13.98    0.00   171.1 0.585E+00   5.18    59.32    5.18    0.00   .86126E+04 
    485.84    13.98    0.00   171.6 0.583E+00   5.18    59.51    5.18    0.00   .86337E+04 
    487.13    13.98    0.00   172.2 0.581E+00   5.18    59.70    5.18    0.00   .86548E+04 
    488.42    13.98    0.00   172.7 0.579E+00   5.18    59.90    5.18    0.00   .86759E+04 
    489.70    13.98    0.00   173.3 0.577E+00   5.18    60.09    5.18    0.00   .86970E+04 
    490.99    13.98    0.00   173.9 0.575E+00   5.18    60.29    5.18    0.00   .87182E+04 
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    492.28    13.98    0.00   174.4 0.573E+00   5.18    60.48    5.18    0.00   .87393E+04 
    493.56    13.98    0.00   175.0 0.571E+00   5.18    60.68    5.18    0.00   .87604E+04 
    494.85    13.98    0.00   175.6 0.570E+00   5.18    60.87    5.18    0.00   .87815E+04 
    496.14    13.98    0.00   176.1 0.568E+00   5.18    61.07    5.18    0.00   .88026E+04 
    497.42    13.98    0.00   176.7 0.566E+00   5.18    61.27    5.18    0.00   .88237E+04 
    498.71    13.98    0.00   177.2 0.564E+00   5.18    61.46    5.18    0.00   .88448E+04 
    500.00    13.98    0.00   177.8 0.562E+00   5.18    61.66    5.18    0.00   .88659E+04 
 Cumulative travel time =        8865.9512 sec  (    2.46 hrs) 
  
 Simulation limit based on maximum specified distance =    500.00 m. 
   This is the REGION OF INTEREST limitation. 
  
END OF MOD261: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT                       
---------------------------------------------------------------------------------------------- 
---------------------------------------------------------------------------------------------- 
CORMIX2: Multiport Diffuser Discharges       End of Prediction File 
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Appendix B:  CORMIX Session Report for Uniform Ambient Density 
CORMIX SESSION REPORT: 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                      CORMIX MIXING ZONE EXPERT SYSTEM 
                          CORMIX Version 9.0GTD 
                       HYDRO2:Version-9.0.0.0  September,2014 
SITE NAME/LABEL:                Pend Oreille River - Sandpoint outfall 
  DESIGN CASE:                  Sandpoint WWTP TP discharge to Pend Oreille River 
  FILE NAME:                    F:\My Folder\!!Permits!\Sandpoint\CORMIX Modeling\Using 2005 
DEQ T Data\Unbounded\Sandpoint Measured Low Velocity 5 mgd uniform density unbounded 
counterflow actual angle.prd 
  Using subsystem CORMIX2:     Multiport Diffuser Discharges 
  Start of session:             09/09/2015--12:01:11 
***************************************************************************** 
SUMMARY OF INPUT DATA: 
----------------------------------------------------------------------------- 
AMBIENT PARAMETERS: 
  Cross-section                          = unbounded 
  Average depth                   HA     = 6.71 m 
  Depth at discharge              HD     = 5.18 m 
  Ambient velocity                UA     = 0.0610 m/s 
  Darcy-Weisbach friction factor  F      = 0.0167 
    Calculated from Manning's n          = 0.02 
  Wind velocity                   UW     = 3.58 m/s 
  Stratification Type             STRCND = U 
  Surface temperature                    = 21.30 degC 
  Bottom temperature                     = 21.30 degC 
  Calculated FRESH-WATER DENSITY values: 
  Surface density                 RHOAS  = 997.9279 kg/m^3 
  Bottom density                  RHOAB  = 997.9279 kg/m^3 
----------------------------------------------------------------------------- 
DISCHARGE PARAMETERS:             Submerged Multiport Diffuser Discharge 
  Diffuser type                   DITYPE = unidirectional perpendicular 
  Diffuser length                 LD     = 49.99 m 
  Nearest bank                           = left 
  Diffuser endpoints              YB1    = 234.28 m;    YB2 = 275.72 m 
  Number of openings              NOPEN  = 41 
  Number of Risers                NRISER = 41 
  Ports/Nozzles per Riser         NPPERR  = 1 
  Spacing between risers/openings SPAC   = 1.25 m 
  Port/Nozzle diameter            D0     = 0.0762 m 
    with contraction ratio               = 1 
  Equivalent slot width           B0     = 0.0037 m 
  Total area of openings          TA0    = 0.1870 m^2 
  Discharge velocity              U0     = 1.17 m/s 
  Total discharge flowrate        Q0     = 0.219063 m^3/s 
  Discharge port height           H0     = 0.41 m 
  Nozzle arrangement              BETYPE = unidirectional without fanning 
  Diffuser alignment angle        GAMMA  = 56 deg 
  Vertical discharge angle        THETA  = 0 deg 
  Actual Vertical discharge angle THEAC  = 0 deg 
  Horizontal discharge angle      SIGMA  = 146 deg 
  Relative orientation angle      BETA   = 90 deg 
  Discharge temperature (freshwater)     = 21 degC 
  Corresponding density           RHO0   = 997.9934 kg/m^3 
  Density difference              DRHO   = -0.0655 kg/m^3 
  Buoyant acceleration            GP0    = -0.0006 m/s^2 
  Discharge concentration         C0     = 100 % 
  Surface heat exchange coeff.    KS     = 0 m/s 
  Coefficient of decay            KD     = 0 /s 
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----------------------------------------------------------------------------- 
FLUX VARIABLES PER UNIT DIFFUSER LENGTH: 
  Discharge (volume flux)         q0     = 0.004382 m^2/s 
  Momentum flux                   m0     = 0.005134 m^3/s^2 
  Buoyancy flux                   j0     = -0.000003 m^3/s^3 
----------------------------------------------------------------------------- 
DISCHARGE/ENVIRONMENT LENGTH SCALES: 
  LQ  = 0.00 m         Lm  = 1.38 m         LM  = 25.63 m 
  lm' = 99999 m         Lb' = 99999 m         La  = 99999 m 
  (These refer to the actual discharge/environment length scales.) 
----------------------------------------------------------------------------- 
NON-DIMENSIONAL PARAMETERS: 
Slot Froude number              FR0    = 754.93 
  Port/nozzle Froude number       FRD0   = 167.26 
  Velocity ratio                  R      = 19.22 
----------------------------------------------------------------------------- 
MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS: 
  Toxic discharge                        = no 
  Water quality standard specified       = no 
  Regulatory mixing zone                 = no 
  Region of interest                     = 500 m downstream 
***************************************************************************** 
HYDRODYNAMIC CLASSIFICATION: 
  *------------------------* 
  | FLOW CLASS   = MNU7 | 
  *------------------------* 
  This flow configuration applies to a layer corresponding to the full water 
  depth at the discharge site. 
  Applicable layer depth = water depth = 5.18 m 
***************************************************************************** 
MIXING ZONE EVALUATION (hydrodynamic and regulatory summary): 
 
----------------------------------------------------------------------------- 
X-Y-Z Coordinate system: 
  Origin is located at the BOTTOM below the port/diffuser center: 
    255 m from the left bank/shore. 
  Number of display steps NSTEP = 100 per module. 
----------------------------------------------------------------------------- 
NEAR-FIELD REGION (NFR) CONDITIONS : 
Note: The NFR is the zone of strong initial mixing.  It has no regulatory 
  implication.  However, this information may be useful for the discharge 
  designer because the mixing in the NFR is usually sensitive to the 
  discharge design conditions. 
  Pollutant concentration at NFR edge  c = 2.2717 % 
  Dilution at edge of NFR              s = 44.0 
  NFR Location:                        x = -20.72 m 
    (centerline coordinates)           y = 13.98 m 
                                       z = 0 m 
  NFR plume dimensions:  half-width (bh) = 20.69 m 
                          thickness (bv) = 5.18 m 
Cumulative travel time:       323.9456 sec. 
----------------------------------------------------------------------------- 
Buoyancy assessment: 
  The effluent density is greater than the surrounding ambient water 
  density at the discharge level. 
  Therefore, the effluent is NEGATIVELY BUOYANT and will tend to sink towards 
  the bottom. 
IMPORTANT NOTE: 
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Since the effluent is NEGATIVELY BUOYANT, it is recommended that you consider using the Brine 
or Sediment options for Effluent specification for a more detailed analysis, particularly for 
coastal discharges over a sloping bottom where density currents are important. 
 
CORMIX will however continue with the current simulation. 
----------------------------------------------------------------------------- 
Near-field instability behavior: 
  The diffuser flow will experience instabilities with full vertical mixing 
  in the near-field. 
  There may be benthic impact of high pollutant concentrations. 
----------------------------------------------------------------------------- 
FAR-FIELD MIXING SUMMARY: 
  Plume is vertically fully mixed WITHIN NEAR-FIELD (or a fraction thereof), 
  but RE-STRATIFIES LATER. 
  Plume becomes vertically fully mixed again at 372.60 m downstream. 
----------------------------------------------------------------------------- 
PLUME BANK CONTACT SUMMARY: 
  Plume in unbounded section does not contact bank in this simulation. 
************************ TOXIC DILUTION ZONE SUMMARY ************************ 
No TDZ was specified for this simulation. 
********************** REGULATORY MIXING ZONE SUMMARY *********************** 
No RMZ and no ambient water quality standard have been specified. 
********************* FINAL DESIGN ADVICE AND COMMENTS ********************** 
The diffuser ports or nozzles point towards the nearest bank. 
  Since this is an UNUSUAL DESIGN, check whether you have specified 
  correctly the port/nozzle geometry (angles GAMMA, SIGMA and BETA). 
----------------------------------------------------------------------------- 
CORMIX2 uses the TWO-DIMENSIONAL SLOT DIFFUSER CONCEPT to represent 
  the actual three-dimensional diffuser geometry.  Thus, it approximates 
  the details of the merging process of the individual jets from each 
  port/nozzle. 
In the present design, the spacing between adjacent ports/nozzles 
  (or riser assemblies) is of the order of, or less than, the local 
  water depth so that the slot diffuser approximation holds well. 
 
Nevertheless, if this is a final design, the user is advised to use a 
  final CORMIX1 (single port discharge) analysis, with discharge data 
  for an individual diffuser jet/plume, in order to compare to 
  the present near-field prediction. 
----------------------------------------------------------------------------- 
REMINDER:  The user must take note that HYDRODYNAMIC MODELING by any known 
  technique is NOT AN EXACT SCIENCE. 
Extensive comparison with field and laboratory data has shown that the 
  CORMIX predictions on dilutions and concentrations (with associated 
  plume geometries) are reliable for the majority of cases and are accurate 
  to within about +-50% (standard deviation). 
As a further safeguard, CORMIX will not give predictions whenever it judges 
  the design configuration as highly complex and uncertain for prediction. 
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Appendix C:  CORMIX Prediction File for Stratified Ambient Density 
CORMIX2 PREDICTION FILE: 
22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222 
                       CORMIX MIXING ZONE EXPERT SYSTEM 
               Subsystem CORMIX2: Multiport Diffuser Discharges 
                             CORMIX Version 9.0GTD                    
                     HYDRO2 Version 9.0.0.0 September 2014    
---------------------------------------------------------------------------------------------- 
---------------------------------------------------------------------------------------------- 
CASE DESCRIPTION 
 Site name/label:   Pend Oreille River - Sandpoint outfall                  
 Design case:       Sandpoint WWTP TP discharge to Pend Oreille River       
 FILE NAME:         C:\...y gradient unbounded counterflow actual angle.prd 
 Time stamp:        Fri Oct 23 15:45:57 2015 
  
ENVIRONMENT PARAMETERS (metric units) 
 Unbounded section 
 HA    =      6.71  HD    =      5.18 
 UA    =      0.061 F     =      0.017 USTAR =0.2781E-02 
 UW    =      3.576 UWSTAR=0.4081E-02 
 Density stratified environment 
 STRCND=  A         RHOAM =  998.0142 
 RHOAS =  997.9279  RHOAB =  998.1006  RHOAH0=  998.0870  E     =0.3274E-03 
  
DIFFUSER DISCHARGE PARAMETERS (metric units) 
 Diffuser type:     DITYPE= unidirectional_perpendicular             
 BANK  =  LEFT      DISTB =    255.00  YB1   =    234.28  YB2   =    275.72 
 LD    =     49.99  NOPEN =   41       SPAC  =      1.25 
 D0    =      0.076 A0    =      0.005 H0    =      0.41  SUB0  =      4.78 
 D0INP =      0.076 CR0   =      1.000 
 Nozzle/port arrangement:   unidirectional_without_fanning           
 GAMMA =     56.00  THETA =      0.00  SIGMA =    146.00  BETA  =     90.00 
 U0    =      1.172 Q0    =      0.219       =0.2191E+00 
 RHO0  =  997.9934  DRHO0 =0.9363E-01  GP0   =0.9199E-03 
 C0    =0.1000E+03  CUNITS=  %                              
 IPOLL =  1         KS    =0.0000E+00  KD    =0.0000E+00 
  
FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (metric units) 
 q0    =0.4382E-02  m0    =0.5134E-02  j0    =0.4032E-05  SIGNJ0=      1.0 
 Associated 2-d length scales (meters) 
 lQ=B  =      0.004 lM    =     20.21  lm    =      1.38 
 lmp   =      2.50  lbp   =      0.88  la    =      3.37 
  
FLUX VARIABLES - ENTIRE DIFFUSER (metric units) 
 Q0    =0.2191E+00  M0    =0.2567E+00  J0    =0.2015E-03 
 Associated 3-d length scales (meters) 
 LQ    =      0.07  LM    =     25.40  Lm    =      8.31  Lb    =      0.89 
                                       Lmp   =      5.29  Lbp   =      2.42 
  
NON-DIMENSIONAL PARAMETERS 
 FR0   =    631.57  FRD0  =    139.93  R     =     19.22  PL    =    6.01 
 (slot)             (port/nozzle) 
  
RECOMPUTED SOURCE CONDITIONS FOR RISER GROUPS: 
 Properties of riser group with  1 ports/nozzles each: 
 U0    =      1.172 D0    =      0.076 A0    =      0.005 THETA =      0.00 
 FR0   =    631.57  FRD0  =    139.93  R     =     19.22 
 (slot)             (riser group) 
  
FLOW CLASSIFICATION 
 222222222222222222222222222222222222222222 
 2  Flow class (CORMIX2)      =    MS1    2   
 2  Applicable layer depth HS =     5.18  2 
 222222222222222222222222222222222222222222 
  
MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS 
 C0    =0.1000E+03  CUNITS=  %                              
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 NTOX  =  0 
 NSTD  =  0 
 REGMZ =  0 
 XINT  =    500.00  XMAX  =    500.00 
  
X-Y-Z COORDINATE SYSTEM: 
    ORIGIN is located at the bottom and the diffuser mid-point: 
       255.00 m  from the LEFT  bank/shore. 
    X-axis points downstream, Y-axis points to left, Z-axis points upward. 
NSTEP = 100 display intervals per module 
---------------------------------------------------------------------------------------------- 
---------------------------------------------------------------------------------------------- 
BEGIN MOD101: DISCHARGE MODULE (SINGLE PORT AT DIFFUSER CENTER)                
  
       X        Y       Z        S       C       BV       BH       Uc        TT 
      0.00     0.00    0.41     1.0 0.100E+03   0.04     0.04     1.222   .00000E+00 
  
END OF MOD101: DISCHARGE MODULE (SINGLE PORT AT DIFFUSER CENTER)               
---------------------------------------------------------------------------------------------- 
---------------------------------------------------------------------------------------------- 
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION                      
  
 Jet-like motion in linear stratification with strong crossflow. 
   
 Zone of flow establishment:            THETAE=      0.00  SIGMAE=    145.30 
  LE    =      0.35  XE    =     -0.29  YE    =      0.19  ZE    =      0.41 
   
 Profile definitions: 
   BV = Gaussian 1/e (37%) half-width, in vertical plane normal to trajectory 
   BH = before merging: Gaussian 1/e (37%) half-width in horizontal plane 
                        normal to trajectory 
        after merging:  top-hat half-width in horizontal plane 
                        parallel to diffuser line 
   S  = hydrodynamic centerline dilution 
   C  = centerline concentration (includes reaction effects, if any) 
   Uc = Local centerline excess velocity (above ambient) 
   TT = Cumulative travel time 
  
       X        Y       Z        S       C       BV       BH       Uc        TT 
  Individual jet/plumes before merging: 
     -0.29     0.19    0.41     1.0 0.100E+03   0.04     0.04     1.222   .00000E+00 
     -0.29     0.19    0.41     1.0 0.100E+03   0.04     0.04     1.222   .22219E-02 
  Merging of individual jet/plumes to form plane jet/plume: 
     -0.30     0.24    0.41     1.6 0.644E+02   0.00    24.99     1.222   .40117E-01 
  Maximum jet height has been reached. 
  Minimum jet height has been reached. 
      0.31     0.24    0.41    17.1 0.585E+01   0.08    25.07     0.566   .71637E+00 
      0.65     0.24    0.41    21.3 0.469E+01   0.12    25.11     0.454   .13145E+01 
      0.98     0.24    0.41    24.9 0.401E+01   0.16    25.15     0.390   .20163E+01 
      1.32     0.24    0.41    28.1 0.356E+01   0.19    25.19     0.347   .28041E+01 
      1.66     0.24    0.41    30.9 0.323E+01   0.23    25.22     0.315   .36661E+01 
      1.99     0.24    0.41    33.6 0.298E+01   0.27    25.26     0.290   .45938E+01 
      2.33     0.24    0.41    36.0 0.277E+01   0.30    25.30     0.271   .55809E+01 
      2.66     0.24    0.41    38.4 0.261E+01   0.34    25.33     0.255   .66221E+01 
      3.00     0.24    0.41    40.6 0.246E+01   0.37    25.36     0.241   .77134E+01 
      3.34     0.24    0.41    42.7 0.234E+01   0.40    25.40     0.229   .88510E+01 
      3.67     0.24    0.41    44.7 0.224E+01   0.44    25.43     0.219   .10032E+02 
      4.01     0.24    0.41    46.6 0.214E+01   0.47    25.46     0.210   .11254E+02 
      4.35     0.24    0.41    48.5 0.206E+01   0.50    25.49     0.202   .12515E+02 
      4.69     0.24    0.41    50.3 0.199E+01   0.53    25.53     0.195   .13827E+02 
      5.03     0.24    0.41    52.1 0.192E+01   0.56    25.56     0.189   .15159E+02 
      5.36     0.24    0.41    53.8 0.186E+01   0.59    25.59     0.183   .16525E+02 
      5.70     0.24    0.41    55.4 0.180E+01   0.62    25.62     0.177   .17923E+02 
      6.04     0.24    0.41    57.0 0.175E+01   0.65    25.65     0.172   .19351E+02 
      6.37     0.24    0.41    58.6 0.171E+01   0.68    25.68     0.168   .20808E+02 
      6.71     0.24    0.41    60.1 0.166E+01   0.71    25.71     0.164   .22294E+02 
      7.05     0.24    0.41    61.7 0.162E+01   0.74    25.74     0.160   .23806E+02 
      7.38     0.24    0.41    63.1 0.158E+01   0.77    25.76     0.156   .25345E+02 
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      7.72     0.24    0.41    64.6 0.155E+01   0.80    25.79     0.153   .26909E+02 
      8.05     0.24    0.41    66.0 0.152E+01   0.83    25.82     0.149   .28498E+02 
      8.39     0.24    0.41    67.4 0.148E+01   0.86    25.85     0.146   .30110E+02 
      8.73     0.24    0.41    68.7 0.145E+01   0.88    25.88     0.143   .31746E+02 
      9.07     0.24    0.41    70.1 0.143E+01   0.91    25.91     0.141   .33422E+02 
      9.41     0.24    0.41    71.4 0.140E+01   0.94    25.93     0.138   .35102E+02 
      9.74     0.24    0.41    72.7 0.138E+01   0.97    25.96     0.136   .36803E+02 
     10.08     0.24    0.41    74.0 0.135E+01   0.99    25.99     0.133   .38524E+02 
     10.42     0.24    0.41    75.3 0.133E+01   1.02    26.01     0.131   .40266E+02 
     10.75     0.24    0.41    76.5 0.131E+01   1.05    26.04     0.129   .42027E+02 
     11.09     0.24    0.41    77.7 0.129E+01   1.07    26.07     0.127   .43807E+02 
     11.43     0.24    0.41    78.9 0.127E+01   1.10    26.09     0.125   .45605E+02 
     11.76     0.24    0.41    80.1 0.125E+01   1.13    26.12     0.123   .47422E+02 
     12.10     0.24    0.41    81.3 0.123E+01   1.15    26.15     0.122   .49257E+02 
     12.44     0.24    0.41    82.5 0.121E+01   1.18    26.17     0.120   .51109E+02 
     12.77     0.24    0.41    83.6 0.120E+01   1.20    26.20     0.118   .52978E+02 
     13.11     0.24    0.42    84.8 0.118E+01   1.23    26.22     0.117   .54864E+02 
     13.44     0.24    0.42    85.9 0.116E+01   1.25    26.25     0.115   .56766E+02 
     13.79     0.24    0.42    87.0 0.115E+01   1.28    26.27     0.114   .58705E+02 
     14.12     0.24    0.42    88.1 0.113E+01   1.30    26.30     0.112   .60638E+02 
     14.46     0.24    0.42    89.2 0.112E+01   1.33    26.32     0.111   .62587E+02 
     14.80     0.24    0.42    90.3 0.111E+01   1.35    26.35     0.110   .64552E+02 
     15.13     0.24    0.42    91.3 0.109E+01   1.38    26.37     0.109   .66530E+02 
     15.47     0.24    0.42    92.4 0.108E+01   1.40    26.40     0.107   .68524E+02 
     15.81     0.24    0.42    93.4 0.107E+01   1.43    26.42     0.106   .70531E+02 
     16.14     0.24    0.42    94.5 0.106E+01   1.45    26.44     0.105   .72552E+02 
     16.48     0.24    0.42    95.5 0.105E+01   1.48    26.47     0.104   .74588E+02 
     16.82     0.24    0.42    96.5 0.104E+01   1.50    26.49     0.103   .76636E+02 
     17.15     0.24    0.42    97.5 0.103E+01   1.52    26.52     0.102   .78698E+02 
     17.49     0.24    0.42    98.5 0.101E+01   1.55    26.54     0.101   .80773E+02 
     17.83     0.24    0.42    99.5 0.100E+01   1.57    26.56     0.100   .82861E+02 
     18.16     0.24    0.42   100.5 0.995E+00   1.59    26.59     0.099   .84961E+02 
     18.50     0.24    0.42   101.5 0.985E+00   1.62    26.61     0.098   .87098E+02 
     18.84     0.24    0.42   102.4 0.976E+00   1.64    26.63     0.097   .89223E+02 
     19.18     0.24    0.42   103.4 0.967E+00   1.66    26.66     0.096   .91360E+02 
     19.51     0.24    0.42   104.3 0.958E+00   1.69    26.68     0.095   .93509E+02 
     19.85     0.24    0.42   105.3 0.950E+00   1.71    26.70     0.094   .95670E+02 
     20.19     0.24    0.42   106.2 0.941E+00   1.73    26.72     0.094   .97842E+02 
     20.52     0.24    0.42   107.1 0.933E+00   1.75    26.75     0.093   .10003E+03 
     20.86     0.24    0.42   108.1 0.925E+00   1.78    26.77     0.092   .10222E+03 
     21.20     0.24    0.42   109.0 0.918E+00   1.80    26.79     0.091   .10443E+03 
     21.53     0.24    0.42   109.9 0.910E+00   1.82    26.81     0.091   .10664E+03 
     21.87     0.24    0.42   110.8 0.903E+00   1.84    26.84     0.090   .10887E+03 
     22.21     0.24    0.42   111.7 0.895E+00   1.87    26.86     0.089   .11111E+03 
     22.54     0.24    0.42   112.6 0.888E+00   1.89    26.88     0.088   .11336E+03 
     22.88     0.24    0.42   113.5 0.881E+00   1.91    26.90     0.088   .11564E+03 
     23.22     0.24    0.42   114.3 0.875E+00   1.93    26.92     0.087   .11791E+03 
     23.56     0.24    0.42   115.2 0.868E+00   1.95    26.95     0.086   .12019E+03 
     23.89     0.24    0.42   116.1 0.862E+00   1.97    26.97     0.086   .12248E+03 
     24.23     0.24    0.43   116.9 0.855E+00   2.00    26.99     0.085   .12477E+03 
     24.57     0.24    0.43   117.8 0.849E+00   2.02    27.01     0.085   .12708E+03 
     24.90     0.24    0.43   118.6 0.843E+00   2.04    27.03     0.084   .12940E+03 
     25.24     0.24    0.43   119.5 0.837E+00   2.06    27.05     0.083   .13173E+03 
     25.58     0.24    0.43   120.3 0.831E+00   2.08    27.07     0.083   .13406E+03 
     25.91     0.24    0.43   121.1 0.825E+00   2.10    27.10     0.082   .13641E+03 
     26.25     0.24    0.43   122.0 0.820E+00   2.12    27.12     0.082   .13876E+03 
     26.59     0.24    0.43   122.8 0.814E+00   2.14    27.14     0.081   .14113E+03 
     26.92     0.24    0.43   123.6 0.809E+00   2.16    27.16     0.081   .14350E+03 
     27.26     0.24    0.43   124.4 0.804E+00   2.19    27.18     0.080   .14588E+03 
     27.60     0.24    0.43   125.2 0.798E+00   2.21    27.20     0.080   .14830E+03 
     27.94     0.24    0.43   126.0 0.793E+00   2.23    27.22     0.079   .15070E+03 
     28.27     0.24    0.43   126.8 0.788E+00   2.25    27.24     0.079   .15310E+03 
     28.61     0.24    0.43   127.6 0.783E+00   2.27    27.26     0.078   .15552E+03 
     28.95     0.24    0.43   128.4 0.779E+00   2.29    27.28     0.078   .15794E+03 
     29.28     0.24    0.43   129.2 0.774E+00   2.31    27.30     0.077   .16038E+03 
     29.62     0.24    0.43   130.0 0.769E+00   2.33    27.32     0.077   .16282E+03 
     29.96     0.24    0.43   130.8 0.765E+00   2.35    27.34     0.076   .16526E+03 
     30.29     0.24    0.43   131.6 0.760E+00   2.37    27.36     0.076   .16772E+03 











22 
 



     30.63     0.24    0.43   132.3 0.756E+00   2.39    27.38     0.075   .17018E+03 
     30.97     0.24    0.43   133.1 0.751E+00   2.41    27.40     0.075   .17266E+03 
     31.30     0.24    0.43   133.9 0.747E+00   2.43    27.42     0.075   .17513E+03 
     31.64     0.24    0.43   134.6 0.743E+00   2.45    27.44     0.074   .17762E+03 
     31.98     0.24    0.43   135.4 0.739E+00   2.47    27.46     0.074   .18012E+03 
     32.31     0.24    0.43   136.1 0.735E+00   2.49    27.48     0.073   .18262E+03 
     32.65     0.24    0.43   136.9 0.731E+00   2.51    27.50     0.073   .18513E+03 
     32.99     0.24    0.43   137.6 0.727E+00   2.53    27.52     0.073   .18764E+03 
     33.32     0.24    0.43   138.4 0.723E+00   2.55    27.54     0.072   .19017E+03 
  Terminal level in stratified ambient has been reached. 
 Cumulative travel time =         190.1680 sec  (    0.05 hrs) 
  
END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION                     
---------------------------------------------------------------------------------------------- 
---------------------------------------------------------------------------------------------- 
BEGIN MOD235: LAYER/BOUNDARY/TERMINAL LAYER APPROACH                           
  
  Control volume inflow: 
       X        Y       Z        S       C       BV       BH        TT 
     33.32     0.24    0.43   138.4 0.723E+00   2.55    27.54   .19017E+03 
  
 Profile definitions: 
   BV = top-hat thickness, measured vertically 
   BH = top-hat half-width, measured horizontally in y-direction 
   ZU = upper plume boundary (Z-coordinate) 
   ZL = lower plume boundary (Z-coordinate) 
   S  = hydrodynamic average (bulk) dilution 
   C  = average (bulk) concentration (includes reaction effects, if any) 
   TT = Cumulative travel time 
  
       X        Y       Z        S       C       BV       BH      ZU      ZL       TT 
     30.77     0.24    0.43   138.4 0.723E+00   0.00     0.00    0.43    0.43   .19017E+03 
     32.30     0.24    0.43   138.4 0.723E+00   3.86    30.57    3.86    0.00   .19017E+03 
     33.83     0.24    0.43   140.7 0.711E+00   4.54    68.06    4.54    0.00   .19852E+03 
     35.36     0.24    0.43   166.1 0.602E+00   4.91    68.16    4.91    0.00   .22359E+03 
     36.89     0.24    0.43   188.8 0.530E+00   5.12    68.25    5.12    0.00   .24866E+03 
     38.42     0.24    0.43   197.1 0.507E+00   5.18    68.35    5.18    0.00   .27372E+03 
 Cumulative travel time =         273.7231 sec  (    0.08 hrs) 
  
END OF MOD235: LAYER/BOUNDARY/TERMINAL LAYER APPROACH                          
---------------------------------------------------------------------------------------------- 
** End of NEAR-FIELD REGION (NFR) ** 
---------------------------------------------------------------------------------------------- 
BEGIN MOD242: BUOYANT TERMINAL LAYER SPREADING                                 
  
 Profile definitions: 
   BV = top-hat thickness, measured vertically 
   BH = top-hat half-width, measured horizontally in y-direction 
   ZU = upper plume boundary (Z-coordinate) 
   ZL = lower plume boundary (Z-coordinate) 
   S  = hydrodynamic average (bulk) dilution 
   C  = average (bulk) concentration (includes reaction effects, if any) 
   TT = Cumulative travel time 
  
 Plume Stage 1 (not bank attached): 
       X        Y       Z        S       C       BV       BH      ZU      ZL       TT 
     38.42     0.24    0.43   197.1 0.507E+00   5.18    68.35    5.18    0.00   .27372E+03 
     41.63     0.24    0.43   199.6 0.501E+00   4.99    71.92    4.99    0.00   .32643E+03 
     44.84     0.24    0.43   202.0 0.495E+00   4.82    75.36    4.82    0.00   .37913E+03 
     48.05     0.24    0.43   204.2 0.490E+00   4.66    78.68    4.66    0.00   .43184E+03 
     51.27     0.24    0.43   206.3 0.485E+00   4.53    81.90    4.53    0.00   .48454E+03 
     54.48     0.24    0.43   208.2 0.480E+00   4.40    85.03    4.40    0.00   .53725E+03 
     57.69     0.24    0.43   210.1 0.476E+00   4.29    88.06    4.29    0.00   .58995E+03 
     60.91     0.24    0.43   211.9 0.472E+00   4.18    91.02    4.18    0.00   .64265E+03 
     64.12     0.24    0.43   213.5 0.468E+00   4.09    93.91    4.09    0.00   .69536E+03 
     67.33     0.24    0.43   215.2 0.465E+00   4.00    96.72    4.00    0.00   .74806E+03 
     70.54     0.24    0.43   216.7 0.461E+00   3.91    99.48    3.91    0.00   .80077E+03 
     73.76     0.24    0.43   218.2 0.458E+00   3.84   102.17    3.84    0.00   .85347E+03 
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     76.97     0.24    0.43   219.6 0.455E+00   3.76   104.82    3.76    0.00   .90618E+03 
     80.18     0.24    0.43   221.0 0.453E+00   3.70   107.41    3.70    0.00   .95888E+03 
     83.40     0.24    0.43   222.3 0.450E+00   3.63   109.95    3.63    0.00   .10116E+04 
     86.61     0.24    0.43   223.6 0.447E+00   3.57   112.45    3.57    0.00   .10643E+04 
     89.82     0.24    0.43   224.8 0.445E+00   3.52   114.90    3.52    0.00   .11170E+04 
     93.03     0.24    0.43   226.0 0.442E+00   3.46   117.31    3.46    0.00   .11697E+04 
     96.25     0.24    0.43   227.2 0.440E+00   3.41   119.69    3.41    0.00   .12224E+04 
     99.46     0.24    0.43   228.3 0.438E+00   3.36   122.03    3.36    0.00   .12751E+04 
    102.67     0.24    0.43   229.4 0.436E+00   3.32   124.33    3.32    0.00   .13278E+04 
    105.89     0.24    0.43   230.5 0.434E+00   3.27   126.60    3.27    0.00   .13805E+04 
    109.10     0.24    0.43   231.5 0.432E+00   3.23   128.84    3.23    0.00   .14332E+04 
    112.31     0.24    0.43   232.5 0.430E+00   3.19   131.04    3.19    0.00   .14859E+04 
    115.52     0.24    0.43   233.5 0.428E+00   3.15   133.22    3.15    0.00   .15386E+04 
    118.74     0.24    0.43   234.5 0.426E+00   3.11   135.37    3.11    0.00   .15913E+04 
    121.95     0.24    0.43   235.4 0.425E+00   3.08   137.50    3.08    0.00   .16440E+04 
    125.16     0.24    0.43   236.4 0.423E+00   3.04   139.59    3.04    0.00   .16967E+04 
    128.38     0.24    0.43   237.3 0.421E+00   3.01   141.66    3.01    0.00   .17494E+04 
    131.59     0.24    0.43   238.2 0.420E+00   2.98   143.71    2.98    0.00   .18022E+04 
    134.80     0.24    0.43   239.1 0.418E+00   2.95   145.74    2.95    0.00   .18549E+04 
    138.01     0.24    0.43   239.9 0.417E+00   2.92   147.74    2.92    0.00   .19076E+04 
    141.23     0.24    0.43   240.8 0.415E+00   2.89   149.72    2.89    0.00   .19603E+04 
    144.44     0.24    0.43   241.6 0.414E+00   2.86   151.68    2.86    0.00   .20130E+04 
    147.65     0.24    0.43   242.4 0.413E+00   2.84   153.62    2.84    0.00   .20657E+04 
    150.87     0.24    0.43   243.2 0.411E+00   2.81   155.54    2.81    0.00   .21184E+04 
    154.08     0.24    0.43   244.0 0.410E+00   2.78   157.44    2.78    0.00   .21711E+04 
    157.29     0.24    0.43   244.8 0.409E+00   2.76   159.33    2.76    0.00   .22238E+04 
    160.50     0.24    0.43   245.5 0.407E+00   2.74   161.19    2.74    0.00   .22765E+04 
    163.72     0.24    0.43   246.3 0.406E+00   2.71   163.04    2.71    0.00   .23292E+04 
    166.93     0.24    0.43   247.0 0.405E+00   2.69   164.87    2.69    0.00   .23819E+04 
    170.14     0.24    0.43   247.8 0.404E+00   2.67   166.69    2.67    0.00   .24346E+04 
    173.36     0.24    0.43   248.5 0.402E+00   2.65   168.48    2.65    0.00   .24873E+04 
    176.57     0.24    0.43   249.2 0.401E+00   2.63   170.27    2.63    0.00   .25400E+04 
    179.78     0.24    0.43   249.9 0.400E+00   2.61   172.04    2.61    0.00   .25927E+04 
    182.99     0.24    0.43   250.6 0.399E+00   2.59   173.79    2.59    0.00   .26454E+04 
    186.21     0.24    0.43   251.3 0.398E+00   2.57   175.53    2.57    0.00   .26981E+04 
    189.42     0.24    0.43   251.9 0.397E+00   2.55   177.25    2.55    0.00   .27508E+04 
    192.63     0.24    0.43   252.6 0.396E+00   2.54   178.97    2.54    0.00   .28035E+04 
    195.85     0.24    0.43   253.3 0.395E+00   2.52   180.66    2.52    0.00   .28562E+04 
    199.06     0.24    0.43   253.9 0.394E+00   2.50   182.35    2.50    0.00   .29089E+04 
    202.27     0.24    0.43   254.6 0.393E+00   2.49   184.02    2.49    0.00   .29616E+04 
    205.48     0.24    0.43   255.2 0.392E+00   2.47   185.68    2.47    0.00   .30144E+04 
    208.70     0.24    0.43   255.8 0.391E+00   2.45   187.33    2.45    0.00   .30671E+04 
    211.91     0.24    0.43   256.5 0.390E+00   2.44   188.97    2.44    0.00   .31198E+04 
    215.12     0.24    0.43   257.1 0.389E+00   2.42   190.60    2.42    0.00   .31725E+04 
    218.34     0.24    0.43   257.7 0.388E+00   2.41   192.21    2.41    0.00   .32252E+04 
    221.55     0.24    0.43   258.3 0.387E+00   2.39   193.81    2.39    0.00   .32779E+04 
    224.76     0.24    0.43   258.9 0.386E+00   2.38   195.41    2.38    0.00   .33306E+04 
    227.97     0.24    0.43   259.5 0.385E+00   2.37   196.99    2.37    0.00   .33833E+04 
    231.19     0.24    0.43   260.1 0.384E+00   2.35   198.56    2.35    0.00   .34360E+04 
    234.40     0.24    0.43   260.7 0.384E+00   2.34   200.12    2.34    0.00   .34887E+04 
    237.61     0.24    0.43   261.3 0.383E+00   2.33   201.67    2.33    0.00   .35414E+04 
    240.83     0.24    0.43   261.8 0.382E+00   2.32   203.21    2.32    0.00   .35941E+04 
    244.04     0.24    0.43   262.4 0.381E+00   2.30   204.75    2.30    0.00   .36468E+04 
    247.25     0.24    0.43   263.0 0.380E+00   2.29   206.27    2.29    0.00   .36995E+04 
    250.46     0.24    0.43   263.5 0.379E+00   2.28   207.78    2.28    0.00   .37522E+04 
    253.68     0.24    0.43   264.1 0.379E+00   2.27   209.29    2.27    0.00   .38049E+04 
    256.89     0.24    0.43   264.7 0.378E+00   2.26   210.78    2.26    0.00   .38576E+04 
    260.10     0.24    0.43   265.2 0.377E+00   2.24   212.27    2.24    0.00   .39103E+04 
    263.32     0.24    0.43   265.8 0.376E+00   2.23   213.75    2.23    0.00   .39630E+04 
    266.53     0.24    0.43   266.3 0.376E+00   2.22   215.22    2.22    0.00   .40157E+04 
    269.74     0.24    0.43   266.9 0.375E+00   2.21   216.68    2.21    0.00   .40684E+04 
    272.95     0.24    0.43   267.4 0.374E+00   2.20   218.14    2.20    0.00   .41211E+04 
    276.17     0.24    0.43   267.9 0.373E+00   2.19   219.58    2.19    0.00   .41738E+04 
    279.38     0.24    0.43   268.5 0.372E+00   2.18   221.02    2.18    0.00   .42266E+04 
    282.59     0.24    0.43   269.0 0.372E+00   2.17   222.45    2.17    0.00   .42793E+04 
    285.81     0.24    0.43   269.5 0.371E+00   2.16   223.88    2.16    0.00   .43320E+04 
    289.02     0.24    0.43   270.0 0.370E+00   2.15   225.29    2.15    0.00   .43847E+04 
    292.23     0.24    0.43   270.6 0.370E+00   2.14   226.70    2.14    0.00   .44374E+04 
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    295.44     0.24    0.43   271.1 0.369E+00   2.14   228.10    2.14    0.00   .44901E+04 
    298.66     0.24    0.43   271.6 0.368E+00   2.13   229.50    2.13    0.00   .45428E+04 
    301.87     0.24    0.43   272.1 0.367E+00   2.12   230.89    2.12    0.00   .45955E+04 
    305.08     0.24    0.43   272.6 0.367E+00   2.11   232.27    2.11    0.00   .46482E+04 
    308.30     0.24    0.43   273.1 0.366E+00   2.10   233.64    2.10    0.00   .47009E+04 
    311.51     0.24    0.43   273.6 0.365E+00   2.09   235.01    2.09    0.00   .47536E+04 
    314.72     0.24    0.43   274.1 0.365E+00   2.08   236.37    2.08    0.00   .48063E+04 
    317.93     0.24    0.43   274.6 0.364E+00   2.08   237.73    2.08    0.00   .48590E+04 
    321.15     0.24    0.43   275.1 0.363E+00   2.07   239.08    2.07    0.00   .49117E+04 
    324.36     0.24    0.43   275.6 0.363E+00   2.06   240.42    2.06    0.00   .49644E+04 
    327.57     0.24    0.43   276.1 0.362E+00   2.05   241.76    2.05    0.00   .50171E+04 
    330.79     0.24    0.43   276.6 0.361E+00   2.04   243.09    2.04    0.00   .50698E+04 
    334.00     0.24    0.43   277.1 0.361E+00   2.04   244.41    2.04    0.00   .51225E+04 
    337.21     0.24    0.43   277.6 0.360E+00   2.03   245.73    2.03    0.00   .51752E+04 
    340.42     0.24    0.43   278.1 0.360E+00   2.02   247.05    2.02    0.00   .52279E+04 
    343.64     0.24    0.43   278.6 0.359E+00   2.02   248.35    2.02    0.00   .52806E+04 
    346.85     0.24    0.43   279.1 0.358E+00   2.01   249.66    2.01    0.00   .53333E+04 
    350.06     0.24    0.43   279.6 0.358E+00   2.00   250.95    2.00    0.00   .53861E+04 
    353.28     0.24    0.43   280.1 0.357E+00   1.99   252.24    1.99    0.00   .54388E+04 
    356.49     0.24    0.43   280.5 0.356E+00   1.99   253.53    1.99    0.00   .54915E+04 
    359.70     0.24    0.43   281.0 0.356E+00   1.98   254.81    1.98    0.00   .55442E+04 
 Cumulative travel time =        5544.1689 sec  (    1.54 hrs) 
  
---------------------------------------------------------------------------------------------- 
 Plume is ATTACHED to LEFT  bank/shore. 
   Plume width is now determined from LEFT  bank/shore. 
  
 Plume Stage 2 (bank attached): 
       X        Y       Z        S       C       BV       BH      ZU      ZL       TT 
    359.70   255.00    0.43   281.0 0.356E+00   1.98   509.53    1.98    0.00   .55442E+04 
    361.10   255.00    0.43   281.2 0.356E+00   1.98   510.04    1.98    0.00   .55672E+04 
    362.51   255.00    0.43   281.3 0.356E+00   1.98   510.56    1.98    0.00   .55902E+04 
    363.91   255.00    0.43   281.4 0.355E+00   1.98   511.07    1.98    0.00   .56132E+04 
    365.31   255.00    0.43   281.5 0.355E+00   1.98   511.58    1.98    0.00   .56362E+04 
    366.72   255.00    0.43   281.7 0.355E+00   1.98   512.10    1.98    0.00   .56592E+04 
    368.12   255.00    0.43   281.8 0.355E+00   1.98   512.61    1.98    0.00   .56823E+04 
    369.52   255.00    0.43   281.9 0.355E+00   1.97   513.12    1.97    0.00   .57053E+04 
    370.93   255.00    0.43   282.0 0.355E+00   1.97   513.63    1.97    0.00   .57283E+04 
    372.33   255.00    0.43   282.2 0.354E+00   1.97   514.14    1.97    0.00   .57513E+04 
    373.73   255.00    0.43   282.3 0.354E+00   1.97   514.65    1.97    0.00   .57743E+04 
    375.13   255.00    0.43   282.4 0.354E+00   1.97   515.17    1.97    0.00   .57973E+04 
    376.54   255.00    0.43   282.5 0.354E+00   1.97   515.68    1.97    0.00   .58203E+04 
    377.94   255.00    0.43   282.7 0.354E+00   1.97   516.18    1.97    0.00   .58434E+04 
    379.34   255.00    0.43   282.8 0.354E+00   1.97   516.69    1.97    0.00   .58664E+04 
    380.75   255.00    0.43   282.9 0.353E+00   1.97   517.20    1.97    0.00   .58894E+04 
    382.15   255.00    0.43   283.1 0.353E+00   1.96   517.71    1.96    0.00   .59124E+04 
    383.55   255.00    0.43   283.2 0.353E+00   1.96   518.22    1.96    0.00   .59354E+04 
    384.96   255.00    0.43   283.3 0.353E+00   1.96   518.73    1.96    0.00   .59584E+04 
    386.36   255.00    0.43   283.4 0.353E+00   1.96   519.23    1.96    0.00   .59814E+04 
    387.76   255.00    0.43   283.6 0.353E+00   1.96   519.74    1.96    0.00   .60045E+04 
    389.16   255.00    0.43   283.7 0.353E+00   1.96   520.25    1.96    0.00   .60275E+04 
    390.57   255.00    0.43   283.8 0.352E+00   1.96   520.75    1.96    0.00   .60505E+04 
    391.97   255.00    0.43   283.9 0.352E+00   1.96   521.26    1.96    0.00   .60735E+04 
    393.37   255.00    0.43   284.1 0.352E+00   1.96   521.77    1.96    0.00   .60965E+04 
    394.78   255.00    0.43   284.2 0.352E+00   1.96   522.27    1.96    0.00   .61195E+04 
    396.18   255.00    0.43   284.3 0.352E+00   1.95   522.77    1.95    0.00   .61425E+04 
    397.58   255.00    0.43   284.4 0.352E+00   1.95   523.28    1.95    0.00   .61656E+04 
    398.98   255.00    0.43   284.6 0.351E+00   1.95   523.78    1.95    0.00   .61886E+04 
    400.39   255.00    0.43   284.7 0.351E+00   1.95   524.29    1.95    0.00   .62116E+04 
    401.79   255.00    0.43   284.8 0.351E+00   1.95   524.79    1.95    0.00   .62346E+04 
    403.19   255.00    0.43   284.9 0.351E+00   1.95   525.29    1.95    0.00   .62576E+04 
    404.60   255.00    0.43   285.1 0.351E+00   1.95   525.79    1.95    0.00   .62806E+04 
    406.00   255.00    0.43   285.2 0.351E+00   1.95   526.30    1.95    0.00   .63037E+04 
    407.40   255.00    0.43   285.3 0.350E+00   1.95   526.80    1.95    0.00   .63267E+04 
    408.81   255.00    0.43   285.5 0.350E+00   1.95   527.30    1.95    0.00   .63497E+04 
    410.21   255.00    0.43   285.6 0.350E+00   1.94   527.80    1.94    0.00   .63727E+04 
    411.61   255.00    0.43   285.7 0.350E+00   1.94   528.30    1.94    0.00   .63957E+04 
    413.01   255.00    0.43   285.8 0.350E+00   1.94   528.80    1.94    0.00   .64187E+04 
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    414.42   255.00    0.43   286.0 0.350E+00   1.94   529.30    1.94    0.00   .64417E+04 
    415.82   255.00    0.43   286.1 0.350E+00   1.94   529.80    1.94    0.00   .64648E+04 
    417.22   255.00    0.43   286.2 0.349E+00   1.94   530.30    1.94    0.00   .64878E+04 
    418.63   255.00    0.43   286.3 0.349E+00   1.94   530.80    1.94    0.00   .65108E+04 
    420.03   255.00    0.43   286.5 0.349E+00   1.94   531.30    1.94    0.00   .65338E+04 
    421.43   255.00    0.43   286.6 0.349E+00   1.94   531.79    1.94    0.00   .65568E+04 
    422.84   255.00    0.43   286.7 0.349E+00   1.94   532.29    1.94    0.00   .65798E+04 
    424.24   255.00    0.43   286.8 0.349E+00   1.93   532.79    1.93    0.00   .66028E+04 
    425.64   255.00    0.43   287.0 0.348E+00   1.93   533.29    1.93    0.00   .66259E+04 
    427.04   255.00    0.43   287.1 0.348E+00   1.93   533.78    1.93    0.00   .66489E+04 
    428.45   255.00    0.43   287.2 0.348E+00   1.93   534.28    1.93    0.00   .66719E+04 
    429.85   255.00    0.43   287.4 0.348E+00   1.93   534.77    1.93    0.00   .66949E+04 
    431.25   255.00    0.43   287.5 0.348E+00   1.93   535.27    1.93    0.00   .67179E+04 
    432.66   255.00    0.43   287.6 0.348E+00   1.93   535.76    1.93    0.00   .67409E+04 
    434.06   255.00    0.43   287.7 0.348E+00   1.93   536.26    1.93    0.00   .67640E+04 
    435.46   255.00    0.43   287.9 0.347E+00   1.93   536.75    1.93    0.00   .67870E+04 
    436.87   255.00    0.43   288.0 0.347E+00   1.93   537.25    1.93    0.00   .68100E+04 
    438.27   255.00    0.43   288.1 0.347E+00   1.93   537.74    1.93    0.00   .68330E+04 
    439.67   255.00    0.43   288.2 0.347E+00   1.92   538.24    1.92    0.00   .68560E+04 
    441.07   255.00    0.43   288.4 0.347E+00   1.92   538.73    1.92    0.00   .68790E+04 
    442.48   255.00    0.43   288.5 0.347E+00   1.92   539.22    1.92    0.00   .69020E+04 
    443.88   255.00    0.43   288.6 0.346E+00   1.92   539.71    1.92    0.00   .69251E+04 
    445.28   255.00    0.43   288.8 0.346E+00   1.92   540.21    1.92    0.00   .69481E+04 
    446.69   255.00    0.43   288.9 0.346E+00   1.92   540.70    1.92    0.00   .69711E+04 
    448.09   255.00    0.43   289.0 0.346E+00   1.92   541.19    1.92    0.00   .69941E+04 
    449.49   255.00    0.43   289.1 0.346E+00   1.92   541.68    1.92    0.00   .70171E+04 
    450.90   255.00    0.43   289.3 0.346E+00   1.92   542.17    1.92    0.00   .70401E+04 
    452.30   255.00    0.43   289.4 0.346E+00   1.92   542.66    1.92    0.00   .70631E+04 
    453.70   255.00    0.43   289.5 0.345E+00   1.92   543.15    1.92    0.00   .70862E+04 
    455.10   255.00    0.43   289.7 0.345E+00   1.91   543.64    1.91    0.00   .71092E+04 
    456.51   255.00    0.43   289.8 0.345E+00   1.91   544.13    1.91    0.00   .71322E+04 
    457.91   255.00    0.43   289.9 0.345E+00   1.91   544.62    1.91    0.00   .71552E+04 
    459.31   255.00    0.43   290.0 0.345E+00   1.91   545.11    1.91    0.00   .71782E+04 
    460.72   255.00    0.43   290.2 0.345E+00   1.91   545.60    1.91    0.00   .72012E+04 
    462.12   255.00    0.43   290.3 0.344E+00   1.91   546.08    1.91    0.00   .72242E+04 
    463.52   255.00    0.43   290.4 0.344E+00   1.91   546.57    1.91    0.00   .72473E+04 
    464.93   255.00    0.43   290.5 0.344E+00   1.91   547.06    1.91    0.00   .72703E+04 
    466.33   255.00    0.43   290.7 0.344E+00   1.91   547.55    1.91    0.00   .72933E+04 
    467.73   255.00    0.43   290.8 0.344E+00   1.91   548.03    1.91    0.00   .73163E+04 
    469.13   255.00    0.43   290.9 0.344E+00   1.91   548.52    1.91    0.00   .73393E+04 
    470.54   255.00    0.43   291.1 0.344E+00   1.90   549.01    1.90    0.00   .73623E+04 
    471.94   255.00    0.43   291.2 0.343E+00   1.90   549.49    1.90    0.00   .73854E+04 
    473.34   255.00    0.43   291.3 0.343E+00   1.90   549.98    1.90    0.00   .74084E+04 
    474.75   255.00    0.43   291.4 0.343E+00   1.90   550.46    1.90    0.00   .74314E+04 
    476.15   255.00    0.43   291.6 0.343E+00   1.90   550.95    1.90    0.00   .74544E+04 
    477.55   255.00    0.43   291.7 0.343E+00   1.90   551.43    1.90    0.00   .74774E+04 
    478.96   255.00    0.43   291.8 0.343E+00   1.90   551.92    1.90    0.00   .75004E+04 
    480.36   255.00    0.43   292.0 0.343E+00   1.90   552.40    1.90    0.00   .75234E+04 
    481.76   255.00    0.43   292.1 0.342E+00   1.90   552.88    1.90    0.00   .75465E+04 
    483.16   255.00    0.43   292.2 0.342E+00   1.90   553.37    1.90    0.00   .75695E+04 
    484.57   255.00    0.43   292.3 0.342E+00   1.90   553.85    1.90    0.00   .75925E+04 
    485.97   255.00    0.43   292.5 0.342E+00   1.90   554.33    1.90    0.00   .76155E+04 
    487.37   255.00    0.43   292.6 0.342E+00   1.89   554.81    1.89    0.00   .76385E+04 
    488.78   255.00    0.43   292.7 0.342E+00   1.89   555.30    1.89    0.00   .76615E+04 
    490.18   255.00    0.43   292.9 0.341E+00   1.89   555.78    1.89    0.00   .76845E+04 
    491.58   255.00    0.43   293.0 0.341E+00   1.89   556.26    1.89    0.00   .77076E+04 
    492.98   255.00    0.43   293.1 0.341E+00   1.89   556.74    1.89    0.00   .77306E+04 
    494.39   255.00    0.43   293.2 0.341E+00   1.89   557.22    1.89    0.00   .77536E+04 
    495.79   255.00    0.43   293.4 0.341E+00   1.89   557.70    1.89    0.00   .77766E+04 
    497.19   255.00    0.43   293.5 0.341E+00   1.89   558.18    1.89    0.00   .77996E+04 
    498.60   255.00    0.43   293.6 0.341E+00   1.89   558.66    1.89    0.00   .78226E+04 
    500.00   255.00    0.43   293.8 0.340E+00   1.89   559.14    1.89    0.00   .78456E+04 
 Cumulative travel time =        7845.6514 sec  (    2.18 hrs) 
  
 Simulation limit based on maximum specified distance =    500.00 m. 
   This is the REGION OF INTEREST limitation. 
  
END OF MOD242: BUOYANT TERMINAL LAYER SPREADING                                
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---------------------------------------------------------------------------------------------- 
---------------------------------------------------------------------------------------------- 
CORMIX2: Multiport Diffuser Discharges       End of Prediction File 
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Appendix D:  CORMIX Session Report for Uniform Ambient Density 
CORMIX SESSION REPORT: 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
                      CORMIX MIXING ZONE EXPERT SYSTEM 
                          CORMIX Version 9.0GTD 
                       HYDRO2:Version-9.0.0.0  September,2014 
SITE NAME/LABEL:                Pend Oreille River - Sandpoint outfall 
  DESIGN CASE:                  Sandpoint WWTP TP discharge to Pend Oreille River 
  FILE NAME:                    F:\My Folder\!!Permits!\Sandpoint\CORMIX 
Modeling\Using 2005 DEQ T Data\Unbounded\Sandpoint Measured Low Velocity 5 mgd 
density gradient unbounded counterflow actual angle.prd 
  Using subsystem CORMIX2:     Multiport Diffuser Discharges 
  Start of session:             09/09/2015--12:24:20 
***************************************************************************** 
SUMMARY OF INPUT DATA: 
----------------------------------------------------------------------------- 
AMBIENT PARAMETERS: 
  Cross-section                          = unbounded 
  Average depth                   HA     = 6.71 m 
  Depth at discharge              HD     = 5.18 m 
  Ambient velocity                UA     = 0.0610 m/s 
  Darcy-Weisbach friction factor  F      = 0.0167 
    Calculated from Manning's n          = 0.02 
  Wind velocity                   UW     = 3.58 m/s 
  Stratification Type             STRCND = A 
  Surface temperature                    = 21.30 degC 
  Bottom temperature                     = 20.5 degC 
  Calculated FRESH-WATER DENSITY values: 
  Surface density                 RHOAS  = 997.9279 kg/m^3 
  Bottom density                  RHOAB  = 998.1006 kg/m^3 
----------------------------------------------------------------------------- 
DISCHARGE PARAMETERS:             Submerged Multiport Diffuser Discharge 
  Diffuser type                   DITYPE = unidirectional perpendicular 
  Diffuser length                 LD     = 49.99 m 
  Nearest bank                           = left 
  Diffuser endpoints              YB1    = 234.28 m;    YB2 = 275.72 m 
  Number of openings              NOPEN  = 41 
  Number of Risers                NRISER = 41 
  Ports/Nozzles per Riser         NPPERR  = 1 
  Spacing between risers/openings SPAC   = 1.25 m 
  Port/Nozzle diameter            D0     = 0.0762 m 
    with contraction ratio               = 1 
  Equivalent slot width           B0     = 0.0037 m 
  Total area of openings          TA0    = 0.1870 m^2 
  Discharge velocity              U0     = 1.17 m/s 
  Total discharge flowrate        Q0     = 0.219063 m^3/s 
  Discharge port height           H0     = 0.41 m 
  Nozzle arrangement              BETYPE = unidirectional without fanning 
  Diffuser alignment angle        GAMMA  = 56 deg 
  Vertical discharge angle        THETA  = 0 deg 
  Actual Vertical discharge angle THEAC  = 0 deg 
  Horizontal discharge angle      SIGMA  = 146 deg 
  Relative orientation angle      BETA   = 90 deg 
  Discharge temperature (freshwater)     = 21 degC 
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  Corresponding density           RHO0   = 997.9934 kg/m^3 
  Density difference              DRHO   = 0.0936 kg/m^3 
  Buoyant acceleration            GP0    = 0.0009 m/s^2 
  Discharge concentration         C0     = 100 % 
  Surface heat exchange coeff.    KS     = 0 m/s 
  Coefficient of decay            KD     = 0 /s 
----------------------------------------------------------------------------- 
FLUX VARIABLES PER UNIT DIFFUSER LENGTH: 
  Discharge (volume flux)         q0     = 0.004382 m^2/s 
  Momentum flux                   m0     = 0.005134 m^3/s^2 
  Buoyancy flux                   j0     = 0.000004 m^3/s^3 
----------------------------------------------------------------------------- 
DISCHARGE/ENVIRONMENT LENGTH SCALES: 
  LQ  = 0.00 m         Lm  = 1.38 m         LM  = 20.21 m 
  lm' = 2.50 m         Lb' = 0.88 m         La  = 3.37 m 
  (These refer to the actual discharge/environment length scales.) 
----------------------------------------------------------------------------- 
NON-DIMENSIONAL PARAMETERS: 
Slot Froude number              FR0    = 631.57 
  Port/nozzle Froude number       FRD0   = 139.93 
  Velocity ratio                  R      = 19.22 
----------------------------------------------------------------------------- 
MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS: 
  Toxic discharge                        = no 
  Water quality standard specified       = no 
  Regulatory mixing zone                 = no 
  Region of interest                     = 500 m downstream 
***************************************************************************** 
HYDRODYNAMIC CLASSIFICATION: 
  *------------------------* 
  | FLOW CLASS   = MS1 | 
  *------------------------* 
  This flow configuration applies to a layer corresponding to the linearly 
  stratified density layer at the discharge site. 
  Applicable layer depth = water depth = 5.18 m 
***************************************************************************** 
MIXING ZONE EVALUATION (hydrodynamic and regulatory summary): 
 
----------------------------------------------------------------------------- 
X-Y-Z Coordinate system: 
  Origin is located at the BOTTOM below the port/diffuser center: 
    255 m from the left bank/shore. 
  Number of display steps NSTEP = 100 per module. 
----------------------------------------------------------------------------- 
NEAR-FIELD REGION (NFR) CONDITIONS : 
Note: The NFR is the zone of strong initial mixing.  It has no regulatory 
  implication.  However, this information may be useful for the discharge 
  designer because the mixing in the NFR is usually sensitive to the 
  discharge design conditions. 
  Pollutant concentration at NFR edge  c = 0.5073 % 
  Dilution at edge of NFR              s = 197.1 
  NFR Location:                        x = 38.42 m 
    (centerline coordinates)           y = 0.24 m 
                                       z = 0.43 m 
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  NFR plume dimensions:  half-width (bh) = 68.35 m 
                          thickness (bv) = 5.18 m 
Cumulative travel time:       273.7231 sec. 
----------------------------------------------------------------------------- 
Buoyancy assessment: 
  The effluent density is less than the surrounding ambient water 
  density at the discharge level. 
  Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards 
  the surface.  
----------------------------------------------------------------------------- 
Stratification assessment: 
  The specified ambient density stratification is dynamically important. 
  The discharge near field flow is trapped within the linearly stratified 
  ambient density layer. 
----------------------------------------------------------------------------- 
FAR-FIELD MIXING SUMMARY: 
  Plume becomes vertically fully mixed WITHIN NEAR-FIELD at 0 m 
  downstream, but RE-STRATIFIES LATER and is not mixed in the far-field. 
----------------------------------------------------------------------------- 
PLUME BANK CONTACT SUMMARY: 
  Plume in unbounded section contacts nearest bank at 359.70 m downstream. 
************************ TOXIC DILUTION ZONE SUMMARY ************************ 
No TDZ was specified for this simulation. 
********************** REGULATORY MIXING ZONE SUMMARY *********************** 
No RMZ and no ambient water quality standard have been specified. 
********************* FINAL DESIGN ADVICE AND COMMENTS ********************** 
The diffuser ports or nozzles point towards the nearest bank. 
  Since this is an UNUSUAL DESIGN, check whether you have specified 
  correctly the port/nozzle geometry (angles GAMMA, SIGMA and BETA). 
----------------------------------------------------------------------------- 
CORMIX2 uses the TWO-DIMENSIONAL SLOT DIFFUSER CONCEPT to represent 
  the actual three-dimensional diffuser geometry.  Thus, it approximates 
  the details of the merging process of the individual jets from each 
  port/nozzle. 
In the present design, the spacing between adjacent ports/nozzles 
  (or riser assemblies) is of the order of, or less than, the local 
  water depth so that the slot diffuser approximation holds well. 
 
Nevertheless, if this is a final design, the user is advised to use a 
  final CORMIX1 (single port discharge) analysis, with discharge data 
  for an individual diffuser jet/plume, in order to compare to 
  the present near-field prediction. 
----------------------------------------------------------------------------- 
REMINDER:  The user must take note that HYDRODYNAMIC MODELING by any known 
  technique is NOT AN EXACT SCIENCE. 
Extensive comparison with field and laboratory data has shown that the 
  CORMIX predictions on dilutions and concentrations (with associated 
  plume geometries) are reliable for the majority of cases and are accurate 
  to within about +-50% (standard deviation). 
As a further safeguard, CORMIX will not give predictions whenever it judges 
  the design configuration as highly complex and uncertain for prediction. 
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From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Cc: Daniel.Redline@deq.idaho.gov
Subject: Sandpoint meeting
Date: Tuesday, June 14, 2016 3:20:32 PM


Hi Brian,
The meeting is in Sandpoint so we will provide you with call in information once we learn the
details.  The meeting is set for 9am.  Thanks again for taking time for this.
June








From: Pete Stayton
To: June.Bergquist@deq.idaho.gov
Cc: Nickel, Brian
Subject: RE: City of Sandpoint - Draft 401 Cert - Mixing Zone Documentation
Date: Monday, May 02, 2016 8:20:57 AM


Thanks, June!
PETE STAYTON, P.E.
Project Manager
J-U-B ENGINEERS, Inc.
7825 Meadowlark Way, Coeur d’Alene, ID 83815
e pstayton@jub.com w www.jub.com
p 208 762 8787 c 208 696 1115 f 208 762 9797


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Friday, April 29, 2016 7:27 AM
To: Pete Stayton 
Cc: June.Bergquist@deq.idaho.gov; Nickel.Brian@epamail.epa.gov
Subject: RE: City of Sandpoint - Draft 401 Cert - Mixing Zone Documentation
Hi Pete,
DEQ and EPA did lots of modeling but these are the main reports (should be 4 attachments) along
with the river data. I tried to copy and paste the Cormix files from the most recent DEQ modeling
effort since we didn’t generate a summary report other than what is in the certification appendices.
However, the files were corrupt so I am trying to track down the modeler (who has since moved on)
so this information is still on its way. Let me know if you are missing something else. Thanks for your
interest.
June
June Bergquist
Regional Water Quality Compliance Officer
Idaho Department of Environmental Quality
Coeur d’Alene Regional Office
2110 Ironwood Parkway
Coeur d’Alene ID 83814
Phone: (208)666-4605


From: Pete Stayton [mailto:pstayton@jub.com] 
Sent: Wednesday, April 27, 2016 7:10 PM
To: June Bergquist
Cc: Brett M. Converse; Paul Klatt
Subject: City of Sandpoint - Draft 401 Cert - Mixing Zone Documentation
June,
I would like to request a copy of DEQ’s “modeling documentation and reports” describing the mixing
zones and rationale behind their use for the City of Sandpoint February 23, 2016 Draft 401 Water
Quality Certification (Appendix G in the April 19, 2016 Draft NPDES Permit #ID0020842). The
documentation and reports are referenced as “available from DEQ upon request” on page 9 of the
draft 401 certification.
Thanks!
PETE STAYTON, P.E.
Project Manager
J-U-B ENGINEERS, Inc.







7825 Meadowlark Way, Coeur d’Alene, ID 83815
e pstayton@jub.com w www.jub.com
p 208 762 8787 c 208 696 1115 f 208 762 9797


This e-mail and any attachments involving J-U-B or a subsidiary business may contain
information that is confidential and/or proprietary. Prior to use, you agree to the provisions
found at edocs.jub.com. If you believe you received this email in error, please reply to that
effect and then delete all copies.
This e-mail and any attachments involving J-U-B or a subsidiary business may contain
information that is confidential and/or proprietary. Prior to use, you agree to the provisions
found at edocs.jub.com. If you believe you received this email in error, please reply to that
effect and then delete all copies.








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: Sandpoint permit and Director"s inquiry
Date: Friday, June 10, 2016 12:31:24 PM


Hi Brian,
Just to update you, the Director stopped by before he left to meet with Senator Keough.  The
comment about EPA being easier to deal with than DEQ might boil down to Sandpoint comparing
the phosphorus limits in the preliminary draft permit from 2012 to their TP limits in the 2016 draft
permit.  They might be blaming DEQ involvement for the reductions to phosphorus ( from 100 to
61/96 lbs/day).  I’ll know more next week but I thought you might be interested. 








From: Nickel, Brian
To: "June.Bergquist@deq.idaho.gov"
Cc: Lidgard, Michael; Werntz, James
Subject: RE: Meeting with City of Sandpoint on draft NPDES permit and 401 Cert
Date: Monday, June 13, 2016 9:22:00 AM


June:
My calendar is clear this Friday, June 17.
Regarding mixing zones and phosphorus, I can think of at least one other permit with a TP limit
based on a mixing zone: Idaho Falls. The phosphorus limits changed as the permit was developed (it
went to public comment twice). The final phosphorus limits are explained in the response to
comment #17, in the response to comments document:
https://www3.epa.gov/region10/pdf/permits/npdes/id/ID Falls RTC Final.pdf
I’m sure there are others.
I would guess it’s true that most of the TP limits in Idaho permits are for discharges to impaired
waters, and are therefore based on TMDLs (or are related to a downstream TMDL, such as in the
Spokane River), or they apply an in-stream TP concentration target at the end-of-pipe, as was done
in the Boise watershed permits that were issued prior to the TP TMDL addendum being completed.
That has nothing to do with the appropriateness of mixing zones for TP in general; it has to do with
the fact that, in those cases, there was no assimilative capacity (no “clean” upstream water) that
would allow you to establish a mixing zone, so a TMDL or end-of-pipe target was used instead.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Monday, June 13, 2016 7:11 AM
To: Nickel, Brian 
Subject: FW: Meeting with City of Sandpoint on draft NPDES permit and 401 Cert
Are you available June 17? I haven’t officially heard as to whom is invited but I thought I would check
on your availability.


From: Daniel Redline 
Sent: Friday, June 10, 2016 5:49 PM
To: Thomas Herron; June Bergquist; Matthew Plaisted
Cc: Don Essig; Douglas Conde; Nicole Deinarowicz; Barry Burnell
Subject: Meeting with City of Sandpoint on draft NPDES permit and 401 Cert


The Director and I met with the city of Sandpoint and their consultants this afternoon to
discuss their concerns with the current draft permit and draft 401 certification for the
Sandpoint WWTP discharge. The Director would like us to organize a technical meeting
with the city and JUB (consultants) to discuss some of their specific concerns prior to the
public comment period that ends July 5, 2016.
After talking schedules with Paul Klatt and Brett Converse, we are currently trying to







organize a meeting on Friday, June 17, probably in Sandpoint. Please let me know your
availability to attend, either in person or by phone.
I will try to briefly summarize some of their key concerns below:
Future permitting actions – they are concerned that if they accept the current draft
permit, it does not ensure that future permits will be even more restrictive. They want
some assurance that if they make a significant investment in improved treatment so that
investment will have longevity with the need for incurring more costs in the near future.
Specifically, they want some assurance that a future 401 cert won’t reduce the mixing
zone from 47% (summer) or 60% (winter) to a lower value and thus have to meet more
stringent discharge limits in the future.
Even more important, they have on-going concerns that it is inappropriate to use the
mixing zone rules for nutrients and that the 401 cert should not apply a mixing zone at
all for phosphorus. They believe mixing zones should only be used for toxic pollutants
and not on nutrients. In their mind, assimilative capacity is the only concern that we
should apply to nutrients like TP. See the attached memo that we received at the
meeting today for more details. JUB has not found any other NPDES permit in the US
that contains a mixing zone for TP. They think this is a huge precedent to use a mixing
zone for TP.
Even though our rules don’t exclude pollutants like TP from applying MZ, they believe
that all the discussion during the negotiated rulemaking was focused on acute and
chronic effects associated with toxic pollutants and did not discuss TP directly.
They also have a number of other technical questions regarding some of the calculations
that lead to the current permit limits such as the river flows, TP effluent variability, and
seasonal limits. They also had concerns that the draft permit requires them to collect fish
tissue data for Hg. This requirement was in the 2014 draft permit and they submitted
comments to EPA about shifting the responsibility for fish tissue data collection from the
state to the permittee. They would like DEQ to provide some perspective on our plans to
address Hg monitoring and relieve them for collecting this data.
Again, the Director would like for us to meet ASAP with Sandpoint and their consultants
and see if there are any changes that we would recommend after going over the
technical issues with the appropriate staff.
Let me know if you have any questions and your availability to participate. Thanks,
Dan Redline
Regional Administrator, Coeur d’Alene Office
Idaho Department of Environmental Quality
Office Phone: 208-769-1422
Direct Line: 208-666-4621
Daniel.redline@deq.idaho.gov












From: Brett M. Converse
To: Nickel, Brian
Subject: Sandpoint
Date: Monday, March 28, 2016 4:15:51 PM


Hi Brian:
I understand the goal is to limit Sandpoint’s P discharge to about what it is today, which I expect and
to which the City agreed when discussing the “voluntary nutrient reduction program” to keep the
river from being listed and in general to be good stewards. What I don’t agree with is meeting that
goal through a mixing zone. The mixing zone method is going to set a methodology in Idaho that will
have significant impacts to other cities. So we are ok with the limit but not the mixing zone
methodology. Since it seemed at one time (since the river was 303d listed) the river is getting close
to being impacted by P, why can some form of the anti-degradation rule be use to limit the P
discharge to about what it historically has been? It seems this would be protective and the limit
would be based on a rule we can understand. The mixing zone would have to be granted to us every
time the permit is issued and therefore could be taken away. A Load based on anti-degradation
could not so easily be taken away unless the river got listed and a TMDL done.
Regarding ammonia: Since we’ll need a compliance schedule, is it possible to have a limit in the
permit based on collecting better river data. I’d like the city to be able to start collecting a lot of data
(near the outfall) regarding pH and temp and ammonia to more adequately access the need for an
ammonia limit. Also to statistically narrow the error band to get a realistic RPA number. And I
wonder about the biological assessment for that area of river and just what life the City is protecting.
It will take a lot of energy to protect that mud. And since we still have a dilution ratio greater than
100:1, I think we should be given a mass limit only and not a concentration limit.
Have you heard that Kody retired? Ryan Luttmann is now the City’s Public Work’s Director.
Regards
Brett
This e-mail and any attachments involving J-U-B or a subsidiary business may contain
information that is confidential and/or proprietary. Prior to use, you agree to the provisions
found at edocs.jub.com. If you believe you received this email in error, please reply to that
effect and then delete all copies.








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov
Subject: compliance schedule justifications phosphorus and ammonia
Date: Monday, January 04, 2016 10:09:24 AM
Attachments: RE Sandpoint CS.msg


Re City of Sandpoint compliance schedule for phosphorus limit.msg


Hi Brian,
I wanted to send you both of these for your records. Our attorney said we didn’t need the
justifications in letter form so I guess this is it. The draft cert is in legal review now.
June



mailto:June.Bergquist@deq.idaho.gov

mailto:Nickel.Brian@epa.gov

mailto:June.Bergquist@deq.idaho.gov



RE: Sandpoint CS


			From


			bconverse@jub.com


			To


			June.Bergquist@deq.idaho.gov


			Cc


			kody@sandpointidaho.gov


			Recipients


			June.Bergquist@deq.idaho.gov; kody@sandpointidaho.gov





June:



I have ran calculations and modeled nitrification (Sandpoint WWTP).  While the facility, in theory, can attain nitrification, it cannot reliably do so year round.  The primary reasons are:



·         Seasonal cold temperature decrease nitrifying biological activity



·         Additional oxygen transfer would be needed and the available space for fine bubble diffusers is fully occupied



·         More reactor volume is needed



·         Managing older sludge at the WWTP is problematic due to shallow (non-ideal) clarifiers



 



To reliable nitrify the facility would need:



·         More clarification (a new large diameter and deeper clarifier)



·         More aeration tank volume and fine bubble diffusers



·         A biological selector



·         An additional blower



·         Solids management improvement (likely needed)



 



Therefore, the City would like to request a two part compliance schedule similar to the CS for phosphorus: 5 years if the Plant is not moved, 10 years if the plant is relocated.  The necessary improvements  for reliable ammonia conversion to nitrate will take millions of dollars, money that can only be spent once, i.e. if a significant amount of money is spent improving the current facilities, the option to move the plant goes away.   If the City had to comply with this limit within 5 years, there would be insufficient time to fully vet the option to relocate the facility and meet this limit.   



 



Regards



Brett



 



P.S.



We do have some comment regarding the ammonia limit.



·         The calculations seems to use a mixing zone of 12.1% (128:1) when 25% seems adequate



·         What species are we trying to protect with an ammonia limit,  There are no spawning, rearing or benthic issues to overcome near the out fall.  I would be surprised if a biological, chemical or physical appraisal found an issue.



·         Give the dilution is at least greater than 100:1, I don’t think a concentration limit is needed 



·         The city should be allowed to collect representative river data, near the outfall, for pH and temp.  I don’t believe the Army’s model had temperatures that high except maybe on the surface or near shore.  This summer I spent a bit of time near the outfall looking for the effluent plume to see if heat could be used as a tracer for a mixing zone study.  I used a temperature probe on a 20’ lead.   I did not have much success but I  noted the temperature dropped quickly with depth and my highest temperature reading was 68 within 3” of the surface.  



·          



 



 







 



From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Tuesday, December 29, 2015 7:34 AM
To: Brett M. Converse <bconverse@jub.com>
Cc: June.Bergquist@deq.idaho.gov
Subject: Sandpoint CS



 



Hi Brett,



This is the basic text for the revised compliance schedule, Option 1 and 2.  Right now I am not sure of the TP and NH3 limits yet but I just wanted you to see the basic outline and the approach for the new versus existing facility options.  It might help you with the justification for the compliance schedules.  



June



This e-mail and any attachments involving J-U-B or a subsidiary business may contain information that is confidential and/or proprietary. Prior to use, you agree to the provisions found at edocs.jub.com. If you believe you received this email in error, please reply to that effect and then delete all copies. 








Re: City of Sandpoint compliance schedule for phosphorus limit


			From


			bconverse@jub.com


			To


			June.Bergquist@deq.idaho.gov


			Recipients


			June.Bergquist@deq.idaho.gov





Hi June



 



The draft permit proposes a phosphorus limit substantially lower than the mass currently discharged.  The existing wastewater treatment plant does not have any unit process specific for the removal of phosphorus; therefore, the facility cannot reliably met any phosphorus limit without significant upgrades and improvements.  To reliably remove phosphorus the plant would need to upgrade to either: 



·        a biologically enhanced phosphorus removal treatment plant or



·        a chemical precipitation/filtration treatment plant.



Both option would require millions of dollars and potentially a larger footprint than what is available at the current plant’s location.  Therefore, the City would like to request a two part compliance: 5 years if the Plant is not moved, 10 years if the plant is relocated.  The necessary improvements for reliable phosphorus removal will take millions of dollars, money that can only be spent once, i.e. if a significant amount of money is spent improving the current facilities, the option to move the plant goes away.   If the City had to comply with this limit within 5 years, there would be insufficient time to fully vet the option to relocate the facility and meet this limit.   







Regards



Brett



This e-mail and any attachments involving J-U-B or a subsidiary business may contain information that is confidential and/or proprietary. Prior to use, you agree to the provisions found at edocs.jub.com. If you believe you received this email in error, please reply to that effect and then delete all copies. 











From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: RE: Meeting with City of Sandpoint on draft NPDES permit and 401 Cert
Date: Tuesday, June 14, 2016 7:34:57 AM


Thanks   Brian, we would appreciate your presence at this meeting. No time has  been set yet, I’ll let
you know as soon as I do. 
 


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Monday, June 13, 2016 9:22 AM
To: June Bergquist
Cc: Lidgard, Michael; Werntz, James
Subject: RE: Meeting with City of Sandpoint on draft NPDES permit and 401 Cert
 
June:
 
My calendar is clear this Friday, June 17.
 
Regarding mixing zones and phosphorus, I can think of at least one other permit with a TP limit
based on a mixing zone:  Idaho Falls.  The phosphorus limits changed as the permit was developed (it
went to public comment twice).  The final phosphorus limits are explained in the response to
comment #17, in the response to comments document:
https://www3.epa.gov/region10/pdf/permits/npdes/id/ID Falls RTC Final.pdf
 
I’m sure there are others. 
 
I would guess it’s true that most of the TP limits in Idaho permits are for discharges to impaired
waters, and are therefore based on TMDLs (or are related to a downstream TMDL, such as in the
Spokane River), or they apply an in-stream TP concentration target at the end-of-pipe, as was done
in the Boise watershed permits that were issued prior to the TP TMDL addendum being completed.  
 
That has nothing to do with the appropriateness of mixing zones for TP in general; it has to do with
the fact that, in those cases, there was no assimilative capacity (no “clean” upstream water) that
would allow you to establish a mixing zone, so a TMDL or end-of-pipe target was used instead.
 
Thanks,
 
Brian Nickel, E.I.T.
 
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice:  206-553-6251 | Toll Free:  800-424-4372 ext. 6251 | Fax:  206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.
 


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 







Sent: Monday, June 13, 2016 7:11 AM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: FW: Meeting with City of Sandpoint on draft NPDES permit and 401 Cert
 
Are you available June 17?  I haven’t officially heard as to whom is invited but I thought I would
check on your availability. 
 


From: Daniel Redline 
Sent: Friday, June 10, 2016 5:49 PM
To: Thomas Herron; June Bergquist; Matthew Plaisted
Cc: Don Essig; Douglas Conde; Nicole Deinarowicz; Barry Burnell
Subject: Meeting with City of Sandpoint on draft NPDES permit and 401 Cert
 
The Director and I met with the city of Sandpoint and their consultants this afternoon to
discuss their concerns with the current draft permit and draft 401 certification for the
Sandpoint WWTP discharge.  The Director would like us to organize a technical meeting
with the city and JUB (consultants) to discuss some of their specific concerns prior to the
public comment period that ends July 5, 2016.
 
After talking schedules with Paul Klatt and Brett Converse, we are currently trying to
organize a meeting on Friday, June 17, probably in Sandpoint.  Please let me know your
availability to attend, either in person or by phone.
 
I will try to briefly summarize some of their key concerns below:
 
Future permitting actions – they are concerned that if they accept the current draft
permit, it does not ensure that future permits will be even more restrictive.  They want
some assurance that if they make a significant investment in improved treatment so that
investment will have longevity with the need for incurring more costs in the near future.
 
Specifically, they want some assurance that a future 401 cert won’t reduce the mixing
zone from 47% (summer) or 60% (winter) to a lower value and thus have to meet more
stringent discharge limits in the future.
 
Even more important, they have on-going concerns that it is inappropriate to use the
mixing zone rules for nutrients and that the 401 cert should not apply a mixing zone at
all for phosphorus.  They believe mixing zones should only be used for toxic pollutants
and not on nutrients.  In their mind, assimilative capacity is the only concern that we
should apply to nutrients like TP.  See the attached memo that we received at the
meeting today for more details.  JUB has not found any other NPDES permit in the US
that contains a mixing zone for TP.  They think this is a huge precedent to use a mixing







zone for TP.
 
Even though our rules don’t exclude pollutants like TP from applying MZ, they believe
that all the discussion during the negotiated rulemaking was focused on acute and
chronic effects associated with toxic pollutants and did not discuss TP directly.
 
They also have a number of other technical questions regarding some of the calculations
that lead to the current permit limits such as the river flows, TP effluent variability, and
seasonal limits.  They also had concerns that the draft permit requires them to collect
fish tissue data for Hg.  This requirement was in the 2014 draft permit and they
submitted comments to EPA about shifting the responsibility for fish tissue data
collection from the state to the permittee.  They would like DEQ to provide some
perspective on our plans to address Hg monitoring and relieve them for collecting this
data.
 
Again, the Director would like for us to meet ASAP with Sandpoint and their consultants
and see if there are any changes that we would recommend after going over the
technical issues with the appropriate staff.
 
Let me know if you have any questions and your availability to participate.  Thanks,
 
Dan Redline
Regional Administrator, Coeur d’Alene Office
Idaho Department of Environmental Quality
Office Phone: 208-769-1422
Direct Line: 208-666-4621
Daniel.redline@deq.idaho.gov
 








From: J ne Bergq st@deq idaho go
To: Vonnie.Hendrex@deq.idaho.gov; pk at @jub com
Cc: Dan el.Redline@deq. daho.gov; N ckel  Brian; Faye.Be ler@deq.idaho.gov; Matthew P a sted@deq.idaho gov
Subject: RE: PRR 160932 DWENG ID-002084-2
Date: Monday  August 22  2016 7:15:22 AM
Attachments: image003 png


image004 ng
image005 png
Sandpo nt Comments Second Draft NPDES Permit ID0020842.pdf
ICL cmnts re Sandpo nt revised NPDES 401 cert pdf
LPOW Commen s Re ised Sand ont WWTF Final df


Here are the documents per the request.
J.
 
June Be gquist
Regional Wate  Quality Compliance Off ce
Idaho Depa tment of Envi onmental Quality
Coeu  d Alene Regional Office
2110 I onwood Pa kway
Coeu  d Alene ID 83814
Phone  (208)666-4605


 
 
 


From: Vonnie Hendrex 
Sent: Fr day  August 19  2016 10:43 AM
To: Paul Klatt
Cc: Daniel Redline; June Bergquist; Nickel.Br an@epa.gov; Faye Beller; Matthew Plaisted; Vonnie Hendrex
Subject: RE: PRR 160932 DWENG ID-002084-2
 
Paul
When you go to our main page  you will see the link to our PRR online form in the black margin at the top right of the page.  Please use this link to submit your request for any documents. (Follow the blue arrow)
Thank you
Vonnie


 


From: Paul Klatt [mailto:pklatt@jub.com] 
Sent: Fr day  August 19  2016 10:31 AM
To: Vonn e Hendrex
Cc: Daniel Redline; June Bergquist; Nickel.Br an@epa.gov; Faye Beller; Matthew Plaisted
Subject: RE: PRR 160932 DWENG ID-002084-2
 
Much appreciated  Vonnie.
 
I actually did get the PRR form from the DEQ website under public records requests. I found it at: http://www.deq.idaho.gov/contact-us/public-records-request/ is the page and http://www.deq.idaho.gov/media/60176971/prr-request-form.pdf is the form.
 
Perhaps you mean that I am supposed to choose the online submittal option rather than use the form provided on the same DEQ page?
 
Thanks.
 
Paul


From: Vonnie.Hendrex@deq.idaho.gov [mailto:Vonnie.Hendrex@deq.idaho.gov] 
Sent: Friday  August 19  2016 10:21 AM
To: Paul Klatt <pklatt@jub com>
Cc: Daniel.Redline@deq.idaho.gov; June.Bergquist@deq.idaho.gov; Nickel.Brian@epa.gov; Vonnie.Hendrex@deq.idaho.gov; Faye.Beller@deq.idaho.gov; Matthew.Plaisted@deq.idaho.gov
Subject: RE: PRR 160932 DWENG ID-002084-2
 
Paul
Matt tells me that he does not have the letters you are asking for.  June may know more about them; however  she is out sick today.  I will copy her on this email so she can respond to you when she returns to the office.  In the future  please use our current online PRR form to submit
your requests.  It will prevent confusion.
Thank you
Vonnie
 


From: Paul Klatt [mailto:pklatt@jub.com] 
Sent: Fr day  August 19  2016 10:10 AM
To: Vonn e Hendrex
Cc: Daniel Redline; June Bergquist; Nickel  Br an
Subject: RE: PRR 160932 DWENG ID-002084-2
 
Thanks  Vonnie. I already have the draft permit and fact sheet and I have a copy of the Sandpoint City comment letter. There should be other public comments to the draft permit that are part of the public records now. Please forward those or let me know if there are none. I can make a
request to EPA as well  but their system has been absurdly slow in the past and Dan thought DEQ should have everything that EPA has. Thanks.
 
Paul


From: Vonnie.Hendrex@deq.idaho.gov [mailto:Vonnie.Hendrex@deq.idaho.gov] 
Sent: Friday  August 19  2016 9:25 AM
To: Paul Klatt <pklatt@jub com>
Cc: Matthew.Plaisted@deq.idaho.gov; Thomas.Herron@deq.idaho.gov; June.Bergquist@deq.idaho.gov; Vonnie.Hendrex@deq.idaho.gov; Faye.Beller@deq.idaho.gov
Subject: PRR 160932 DWENG ID-002084-2
 
Dear Mr. Klatt:


On August 15  2016  the Idaho Department of Environmental Quality (DEQ) received a public records request from you regarding f les we maintain.  Attached are copies of the records that fall within the scope of your request.


Please contact me at (208)666-4626 with any questions.


Sincerely







 
 


Vonnie Hendrex
DEQ
Public Records Custodian
Phone: 208.666.4626
Email: Vonnie.Hendrex@deq.idaho.gov
 
This e-mail and any attachments involving J-U-B or a subsidiary business may contain information that is confidential and/or proprietary. Prior to use, you agree to the provisions found at edocs.jub.com. If you believe you received this email in error, please reply to that
effect and then delete all copies.
This e-mail and any attachments involving J-U-B or a subsidiary business may contain information that is confidential and/or proprietary. Prior to use, you agree to the provisions found at edocs.jub.com. If you believe you received this email in error, please reply to that
effect and then delete all copies.








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov
Subject: draft final response to comments Sandpoint
Date: Friday, September 23, 2016 9:00:53 AM
Attachments: draft final response to comments Sandpoint.docx


Hi Brian,
You might want to look at the response to comment #1 as it is the result of quite a bit of discussion
regarding the application of MZ rules to non-toxics.  The wording is poor in the last paragraph of
question #1 response but I’m not going to campaign to change it.  I also don’t totally agree with it. 
Anyway, we are back to using MZ rules for nutrients.  Thought you might be interested in our
responses.
June








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: initial meeting dates for Sandpoint
Date: Tuesday, May 24, 2016 1:37:39 PM


Hi Brian,
June 10 is a possible date that Senator Keough and our Director are considering to talk about the
Sandpoint permit.  I wanted to pass this along to you to learn if this is a possibility for you, we would
appreciate your participation if possible.  I’ll have our attorney on the phone also.  Ryan Luttmann
the new Public Works Director and Brett Converse will be at this meeting too.  I’m not sure our
Director will attend but it is a possibility.  It also sounds like we will be meeting in Sandpoint.








From: Waste Water Treatment Plant
To: Nickel, Brian
Subject: RE: Pend Orielle river data for 2002
Date: Thursday, June 30, 2016 11:01:31 AM


Good morning Brian,
I was not able to find any data on effluent alkalinity anywhere in the city. I even went through some
documents that were so old the ink was faded beyond the point of being legible. Is this data
important enough to warrant collecting new samples and sending them off to the lab? If so let me
know and I will arrange for some new samples to be sent off.
Thanks,
-Deven.


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Wednesday, June 29, 2016 9:27 AM
To: Waste Water Treatment Plant 
Subject: RE: Pend Orielle river data for 2002
Deven:
No, I did not mean pH. I meant alkalinity specifically.
If you have reports from whole effluent toxicity testing (even if they are old), I believe alkalinity is
tested as part of that procedure.
Thanks for checking.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Waste Water Treatment Plant [mailto:wwtp@sandpointidaho.gov] 
Sent: Wednesday, June 22, 2016 11:40 AM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: RE: Pend Orielle river data for 2002
I have not been able to find an instance where we tested effluent alkalinity. By chance did you mean
alkalinity as in pH?


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Tuesday, June 21, 2016 10:23 AM
To: Waste Water Treatment Plant <wwtp@sandpointidaho.gov>
Subject: RE: Pend Orielle river data for 2002
Deven:
I’m looking for any effluent alkalinity data collected over the term of the prior NPDES permit (i.e.,
2002 through the present).
Sorry about the confusing subject line. Replying to this message was a convenient way to find the
correct e-mail address, but I probably should have started from a clean slate.
Thank you,







Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Waste Water Treatment Plant [mailto:wwtp@sandpointidaho.gov] 
Sent: Tuesday, June 21, 2016 10:19 AM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: RE: Pend Orielle river data for 2002
Are you looking for alkalinity data from 2002 or today?


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Monday, June 20, 2016 10:09 AM
To: Waste Water Treatment Plant <wwtp@sandpointidaho.gov>
Subject: RE: Pend Orielle river data for 2002
Deven:
Does the City of Sandpoint have any data for the alkalinity of the WWTP effluent? If so, could you
please send that to me?
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Read my blog
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Waste Water Treatment Plant [mailto:wwtp@ci.sandpoint.id.us] 
Sent: Tuesday, January 12, 2016 8:16 AM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: Pend Orielle river data for 2002
Mr. Nickel,
Here is all the data I have been able to uncover about the river sampling that happened back in
2002. There are a few temperatures and pH readings along with a bunch of grab data from April to
December. If you have any more questions feel free to send them and I will attempt to answer them
to the best of my ability.
Thanks,
Deven Hull
Sr. WWTP Operator
City of Sandpoint








From: Ryan Luttmann
To: June.Bergquist@deq.idaho.gov; bconverse@jub.com
Cc: Thomas.Herron@deq.idaho.gov; Nickel, Brian; Jennifer Stapleton
Subject: RE: Sandpoint NPDES cert compliance schedule question
Date: Friday, September 16, 2016 11:54:04 AM


June,
I am pleased to hear that the need for an ammonia limit has been revisited with the new data
collected by IDEQ. I am hopeful that the final permit will also consider a different approach to the
mercury fish tissue sampling.
In response to your inquiry regarding the 4 year plant upgrade scenario to meet a revised total
phosphorus limit, I don’t feel I can commit to a tighter schedule without further study of our WWTP.
I am anticipating the NPDES permit to be finalized this fall and the City has received grant assistance
from IDEQ to prepare a wastewater facility master plan. We will likely go through the process to
select a consultant to perform the following work after the NPDES is finalized (as budget/funding
allows):


· Review the existing facility and available space and determine if the existing site can be
modified to meet the new permit requirements


· A new facility at an alternate location to meet the new permit requirements
· Review a regionalization approach to evaluate the economic reality of regionalization.


Without a 2-year master plan effort completed at this time, I cannot answer the question as to
whether we can achieve the revised TS (to be determined with the final NPDES) with the application
of chemicals. The depth of the secondary clarifiers currently averages 10.25 ft and we may not be
able to achieve permit compliance during our peak flows without a mechanical change at the plant.
In order to select an engineer, study the facility, implement a pilot project, and design, construct and
start up a mechanical change to the existing facility – I do not believe we can commit to the 4 year
upgrade scenario. If a mechanical change is necessary but requires more space than we have
available at the existing plant then we will likely need the 10 years + for the new plant option.
Let me know if you need anything else.
Thank you,
Ryan


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Wednesday, September 14, 2016 7:39 AM
To: bconverse@jub.com; Ryan Luttmann 
Cc: June.Bergquist@deq.idaho.gov; Thomas.Herron@deq.idaho.gov; Nickel.Brian@epamail.epa.gov
Subject: Sandpoint NPDES cert compliance schedule question
Hi Ryan and Brett,
EPA re-examined the need for an ammonia limit using new DEQ data and Sandpoint may not need
an effluent limit for ammonia for this permit. If that situation holds true, it will be difficult for us to
justify a 5 year compliance schedule just to meet your TP limits. Does 4 years sound reasonable for
the existing plant upgrade scenario? The new plant option will remain at 10 years. Thanks.
June








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: page 19
Date: Thursday, August 04, 2016 12:30:31 PM
Attachments: Pend Oreille River WQ Findings 2005.pdf


 



mailto:June.Bergquist@deq.idaho.gov

mailto:Nickel.Brian@epa.gov






 
PEND OREILLE RIVER 
WATER QUALITY MONITORING 
 
 
Summary of Findings 
 
 
 
 
 
 
 
 
 
 
 
TRI-STATE WATER QUALITY COUNCIL 
307 North 2nd, Suite 12 
Sandpoint, ID  83864 
 
 
 
March 2005 
 
 
 
Prepared by:  
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1. INTRODUCTION AND BACKGROUND 
 
Section 303(d) of the Federal Clean Water Act (CWA) requires states to prepare a list of waters 
not meeting state water quality standards.  These are impaired waters which do not fully support 
one or more of their beneficial uses of: cold water biota; salmonid (trout) spawning; domestic 
water supply, recreation in or on the water, and aesthetics.  The Pend Oreille River is currently 
on the State of Idaho’s 303(d) list for sediment, total dissolved gas (TDG), and temperature.  
TDG was not addressed in this study as it continues to be the focus of the relicensing and State 
401 Certification processes on Avista Corporations hydroelectric dams in Idaho.    
 
The Pend Oreille River begins at the outlet of Lake Pend Oreille in northern Idaho and drains the 
Clark Fork – Pend Oreille watershed encompassing approximately 26,000 square miles.  The 
Clark Fork – Pend Oreille watershed spans three states, including Montana, Idaho, Washington 
as well as a portion of British Columbia, Canada, before entering the Columbia River (Figure 1).  
The Pend Oreille River is the sole outlet for Lake Pend Oreille, Idaho’s largest and deepest 
natural lake, with an average daily discharge of about 20,226 cubic feet per second (cfs) for the 
2003 water year (USGS, 2004).  Pend Oreille Lake and River levels are controlled by the U.S. 
Army Corps of Engineers (COE) through the dam at Albeni Falls. 
 
Data collected as part of the Clark Fork – Pend Oreille Basin Water Quality Study in the late 
1980s determined that water quality of the Pend Oreille River was in the oligo-mesotrophic 
range based on nitrogen and phosphorus concentrations, chlorophyll a, and Secchi disk 
transparency (EPA, 1993).  The study also determined that the primary water quality concern on 
the Pend Oreille River was the proliferation of Eurasian Milfoil, a very aggressive, invasive 
plant.  The majority of water quality data collected on the Pend Oreille River to date has been in 
Washington State with limited data specific to the Idaho reach.   
 
The overall objective of this project was to monitor physical, chemical, and biological water 
quality parameters in the Pend Oreille River, Idaho, to provide the State of Idaho Department of 
Environmental Quality (IDEQ) with baseline information to aid in the determination of 
beneficial use support status.  Monitoring was conducted during the critical summer conditions 
from June through September 2004.  
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2. WATERSHED CHARACTERIZATION 
 
Information pertaining to climate and hydrology was derived from United States Geological 
Survey (USGS) in cooperation with the COE.  The USGS operates a gauging station located on 
the Pend Oreille River at Albeni Falls: 
   
 USGS 12395400 
 Latitude: 48o 10’ 48” North 
 Longitude: 117 o 1’ 48” West 
 
Information on geology, soils, and land use was obtained through previous studies, publications 
and research from cited references. 
 
2.1. Climate 
 
Air temperature, water temperature, and precipitation data for the months of June through 
September 2003 and 2004 are listed in Table 1.  
 



Table 1.  Summary of data from gauging station USGS12395400 



Year / Month 
Average daily air 
temperature (oF) 



Average daily water 
temperature (oF) 



Average precipitation 
(inches) 



2003    



June 70.3 52.8 0.040 



July 79.4 64.1 0 



August 82.5 74.6 0.017 



September 72.1 64.5 0.040 



2004    



June 75.1 56.3 0.055 



July 82.5 68.6 0.009 



August 82.0 72.8 0.088 



September 68.5 64.1 0.073 



 
 
2.2. Hydrology 
 
The Pend Oreille River from its origin at Lake Pend Oreille to the Idaho state line lies in the 
fourth order USGS hydrologic unit code (HUC) 17010214.  The largest tributary to the Pend 
Oreille River is the Priest River, which drains approximately 902 square miles in USGS HUC 
17010215.   The Priest River Subbasin had an average daily discharge of approximately 1,470 
cfs for the 2003 water year (USGS, 2004).  The Priest River Subbasin Assessment and Total 
Maximum Daily Load (TMDL) was published in October 2001.  The pollutants of concern in the 
Priest River Basin are sediment and temperature.  Several smaller tributaries also flow into the 
Pend Oreille River in Idaho shown in Figure 2. 
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Figure 1.  Clark Fork-Pend Oreille watershed 
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Figure 2.  Tributary streams to Pend Oreille River, Idaho 



 
 
2.3. Geology 
 
The geology of northern Idaho and the Pend Oreille basin is complex with parent materials 
comprised of igneous, sedimentary, and metamorphic rocks ranging in age from Precambrian to 
present time (Savage, 1965).  The geology specific to the Pend Oreille River in Idaho is 
described and is presented in Figure 3.   
 
The geology of the Pend Oreille River in Idaho can essentially be broken into two broad 
categories—sedimentary deposits of more recent times and igneous/metamorphic parent 
materials. 
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The geology near the outlet of Lake Pend Oreille is comprised primarily of Pleistocene outwash 
deposits of gravel and sand on both sides of the river.  Repeated advances and recessions of 
glacial ice during the early and late Wisconsin periods from about 70,000 to 90,000 years ago 
and 10,000 to 20,000 years ago, respectively, are responsible for the current morphology of the 
watershed.  Smaller amounts of glacial till and unsorted glacial debris associated with a terminal 
moraine of the Cocolalla sublobe are found on the south side of the Pend Oreille River near the 
outlet of Lake Pend Oreille.  Geologic evidence suggests that during the Pleistocene the current 
channel of the Pend Oreille River was completely covered by glacial ice (Savage, 1965).   
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Figure 3.  Geology of the Pend Oreille River, Idaho 
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A few miles downstream from the outlet of Lake Pend Oreille are prominent ridges of 
Cretaceous granite and metamorphic intrusive rock, which make up portions of the riverbank and 
bottom.  These outcrops represent a small part of the much larger Kaniksu Batholith.  Still 
further downstream on both sides of the Pend Oreille River are substantial outcrops of coarse-
grained schist and gneiss believed to be of Precambrian age.  These rocks are the oldest in the 
region and represent Pre-Belt Series rocks, which dominate much of eastern Idaho and Western 
Montana. 
 
Approaching the border of Idaho and Washington the geology is again made up of Pleistocene 
glacial outwash gravel and sand with some minor outcrops of Precambrian metamorphosed rock 
and Cretaceous granite to the north.  Along the entire river channel are the most recent 
Quaternary alluvial deposits.  The two largest outcrops of Quaternary alluvial material on the 
north side of the river are found near the outlets of the Priest River and Riley Creek.  The two 
largest outcrops of Quaternary alluvial material on the south side of the River are a few miles 
below the outlet of Lake Pend Oreille and about midway downstream towards the border of 
Idaho and Washington.  The impacts of geology on sediment loading are discussed in Section 4.  
 
2.4. Land Use 
 
Land use has been previously described in the Pend Oreille Subbasin Assessment as agriculture 
on the lowland plains, including grain crops, hay, pasture, and livestock (IDEQ, 2000).  A 
somewhat more detailed description of the land use along the Pend Oreille River is provided in 
the following paragraph based on a Geographical Information System (GIS) coverage of the 
National Land Cover Dataset (NLCD).  The NLCD was a joint effort of the USGS and the 
USEPA as part of the Multi-Resolution Land Characteristics (MRLC) consortium, a multi-
agency consortium developed to acquire satellite-based remotely sensed data for their 
environmental monitoring programs.  The 1992 NLDC was derived from the early to mid-1990s 
Landsat Thematic Mapper satellite data.   
 
The NLCD includes 21 land use classifications that were grouped into the following broader 
categories: 
 
•  Open Water 
•  Developed 
•  Barren 
•  Forested 
•  Shrubland 
•  Other Vegetated (grassland) 
•  Pasture and Cropland 
•  Transitional 
•  Wetlands 
 
Land use surrounding this segment of the Pend Oreille River is a primarily forested with 
concentrated areas of development and agriculture.  Urban development area includes the cities 
of Sandpoint, Dover, and Laclede, all located on the north side of the river.  However, 
development along both sides of the river is increasing rapidly.  Riparian vegetation adjacent to 
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the river is limited to those areas that have either not been developed or where the river bank is 
bedrock. 
 
Site-specific information from field observations on land use along the river is discussed in 
Section 4. 
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Figure 4.  Land use adjacent to the Pend Oreille River, Idaho 
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3. METHODOLOGY 
 
A review of previous research in the study area and numerous field investigations were 
conducted to aid in characterizing the watershed.  Field investigations included: 
 
•  Physical water quality monitoring  
� Temperature 
� Total suspended solids 
� Eurasian Milfoil identification and mapping 
� River substrate characterization 



•  Chemical water quality monitoring 
� Dissolved oxygen (DO) 
� pH 
� Conductivity 
� Total nitrogen (TN) 
� Total phosphorus (TP) 



•  Biological water quality monitoring  
� Chlorophyll a 



 
Six sites along the Pend Oreille River were established for the field investigations.  Figure 5 
shows the site locations and Table 2 provides their coordinates.   
 



Table 2.  Coordinates for Pend Oreille River monitoring sites 



Site Latitude Longitude 
Latitude (decimal 



degrees) 
Longitude (decimal 



degrees) 
Corresponding Township, 



Range, Section1 



Site 12 48.15.09N 116.32.19W 48.25250 -116.53861 N/A3 



Site 2 48.14.37N 116.36.50W 48.24361 -116.61389 57N02W31 



Site 3 48.14.45N 116.41.28W 48.24583 -116.69111 57N03W34 



Site 4 48.09.37N 116.45.11W 48.16028 -116.75306 56N03W31 



Site 5 48.10.35N 116.54.32W 48.17639 -116.90889 56N05W25 



Site 6 48.11.08N 117.01.58W 48.18556 -117.03278 56N06W24 
1Based on Bureau of Land Management’s Public Land Survey System 
2Temperature monitoring only (at the “long” bridge)  
3Located between 57N02W35 (to south) and 57N02W23 (to north) 
 
Continuous temperature data loggers were deployed at the six sites during the summers of 2003 
and 2004.  Data were retrieved and useable from loggers at Sites 2 and 5 for July 2003 through 
October 2003 and from loggers at Sites 1, 2 and 3 for May 2004 through September 2004.  Water 
samples were collected four times at Sites 2 through 6 during the summer of 2004 and were 
analyzed for total suspended solids, chlorophyll a, TN and TP.  DO, pH, conductivity and secchi 
depth were measured in the field during the four events and Eurasian Milfoil identification was 
also conducted during each of the four sampling events.  Standard techniques and procedures 
were used in water quality monitoring and river sediment substrate analysis as discussed in the 
following sections. 
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Figure 5.  Water quality sampling sites, Pend Oreille River, Idaho 



 
Also included as part of the scope of this project was to conduct a literature search and compile 
references from fisheries studies conducted in the Pend Oreille River.  These references are 
included in Appendix A, in the list of water quality studies conducted on Pend Oreille River.   
 
In addition, macroinvertebrate data previously collected by IDEQ in the Pend Oreille River were 
compiled for interpretation.  However, the data were not adequate to develop an appropriate 
interpretation for the river.  The data were collected based on protocols for collecting and 
interpreting macroinvertebrate data in rivers; but IDEQ indicated that the sampling site is located 
in a portion of the river that exhibits characteristics of a lake.  Currently, there is no protocol to 
interpret macroinvertebrate data for a lake in Idaho.  To evaluate the data as a lake without a 
protocol, it is necessary to have reference data or data from another similar system that is well 
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characterized in terms of stressors and that were collected using the same sampling methodology.  
Because these data are not readily available, the Pend Oreille data could not be interpreted.   
 
3.1. Water Quality Monitoring 
 
A Quality Assurance Project Plan (QAPP) was developed for this project and approved by all 
parties involved prior to sampling.  As outlined in the QAPP, water quality monitoring goals for 
the Pend Oreille River included physical, chemical, and biological monitoring at five locations 
with one additional temperature monitoring site near the outlet of Lake Pend Oreille.  Specific 
information pertaining to field and laboratory equipment and analyses can be found in the QAPP, 
included as Appendix B. 
 



3.1.1. Physical Water Quality Monitoring 
 
Physical water quality parameters included temperature, total suspended solids, and Eurasian 
milfoil identification and mapping.  Temperature data were collected June through September in 
2003 and 2004 using data loggers and field measurements.  Temperature data loggers were set at 
a depth of one meter below the water surface whenever possible.  Data loggers were set 
approximately 1 meter away from the riverbank, as it was not possible to secure temperature 
loggers at one-meter depths in the open channel of the river.  Temperature data was recorded at 
one-hour intervals in 2003 and 1.5-hour intervals in 2004.   
 
Total suspended solids were collected in 250 milliliter (ml) acid-washed polyethylene containers 
at a depth of 1 to 2 meters below the water surface in the main channel of the river whenever 
possible.  Eurasian milfoil identification was conducted by boat during each sampling event in 
2004 using a hand held Global Positioning System (GPS).  Milfoil sites were then placed in a 
GIS coverage of the Pend Oreille River.  Additional Eurasian milfoil sites obtained from Bonner 
County Weed Department were also included in the GIS coverage; however, no GPS locations 
were provided for these data (Figure 6). 
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Figure 6.  Eurasian milfoil sites on the Pend Oreille River, Idaho 



 
 



3.1.2. Chemical Water Quality Monitoring 
 
Chemical water quality parameters included field measurements of DO, pH, and conductivity 
using a SPER Scientific multimeter.  Laboratory analyses included TP and TN with nitrate + 
nitrite nitrogen (NO2+NO3) and total ammonia-nitrogen (NH3+NH4).  Samples were collected 
using Kemmerer type sampler at a depth of 1 to 2 meters from the water surface.  Samples were 
placed in 250 ml acid-washed polyethylene containers. 
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3.1.3. Biological Water Quality Monitoring 
 
Biological water quality parameters included chlorophyll a.  In addition, field observations of the 
riparian vegetation and riverbank conditions were made at each sampling location.  
 
3.2. River Sediment Substrate Analysis 
 
The mean particle size of the river substrate was determined by a one-time sampling of river 
bottom sediments using a mini ponar grab sampler at each water quality sampling location.  
Three sediment samples were collected along a cross section of the river representing north, 
center, and south at each sampling site.  The mini ponar sampler was lowered using a rope 
marked with one-meter increments until reaching the river bottom.  Sediment samples were 
collected to a depth of approximately six inches on the river bottom.  Depth below the water 
surface was recorded in the field notes as well as documenting the type and quantity of macro 
invertebrates present.  Samples were placed in clean 2 gallon buckets for initial inspection and 
then transferred to 2 gallon freezer bags for transport and air drying prior to sieve analysis.  The 
dried samples were weighed prior to being passed through a series of sieves to determine particle 
size distribution following American Society of Testing Methodology (ASTM) standards.  
ASTM standards for particle size boundaries are determined by sieve size and are broken into 
five major categories—cobbles, gravel, sand, silt, and clay.  ASTM particle size distributions are 
as follows: 
 
 Boulders = Particle of rock that will not pass a 12 inch square opening. 
 Cobbles =  Particle of rock that will pass a 12 inch square opening and be retained on a 3 inch 



U.S. standard sieve. 
 Gravel =  Particles of rock that will pass a 3 inch sieve and be retained on a Number 4 U.S. 



standard sieve. 
 Sand =  Particles of rock that will pass a Number 4 U.S. standard sieve and be retained on a 



Number 200 U.S. standard sieve. 
 Silt = Soil passing a Number 200 standard sieve that is non-plastic or very slightly plastic 



and that exhibits little or no strength when dry. 
 Clay = Soil passing a Number 200 standard sieve that can be made to exhibit plasticity 



(putty-like properties) within a range of water contents and that exhibits 
considerable strength when dry. 
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4. RESULTS AND DISCUSSION 
 
The following sections discuss the results of the physical, chemical and biological monitoring 
and evaluations on the Pend Oreille River conducted during summer of 2003 and 2004.   
 
4.1. Physical Water Quality 
 
This section discusses the results of the physical monitoring, including temperature, total 
suspended solids, Eurasian Milfoil identification and mapping, and river substrate 
characterization. 
 



4.1.1. Temperature 
 
A total of six temperature data loggers were first deployed on July 30, 2003.  Only two of the six 
temperature loggers were retrieved in early October 2003.  It is not known if the four missing 
loggers were lost or stolen.  Previous experience with temperature monitoring using data loggers 
throughout northern Idaho suggest that data loggers are often tampered with or stolen if not very 
well hidden.  Data from 2003 temperature monitoring of the Pend Oreille River are shown in 
Figures 7 and 8.   
 
A total of six temperature data loggers were deployed in late May of 2004.  Four of the six 
temperature loggers were retrieved in early September 2004.  As in 2003, it is not known if the 
two missing temperature loggers in 2004 were lost or stolen.  Temperature loggers were 
recovered in early September rather than October to ensure the loggers would not be left visible 
near the waters surface after the drafting of Lake Pend Oreille.  Data collected at sampling site 
#6 was not usable as the temperature logger was not placed deep enough to anticipate the drop in 
water levels below the dam during the summer months and was not fully submerged when 
retrieved.  The temperature logger would have to have been placed approximately two to three 
meters below the waters surface to account for the drop in water level at this location.  Data from 
2004 temperature monitoring are shown in Figures 9 through 11. 
 
The maximum temperature recorded from temperature data loggers in the Pend Oreille River 
during 2003 was 25.9 degrees Celsius at site #2.  Maximum temperatures at this site were 
recorded during late July and early August.  The maximum temperature recorded further 
downstream below the confluence with the Priest River at site #5 was slightly lower at 25.6 
degrees Celsius.   
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Figure 7.  Temperature logger data, site #2, Pend Oreille River, Idaho, 2003 
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Figure 8.  Temperature logger data, site #5, Pend Oreille River, Idaho, 2003 
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During the 2004 field season the maximum temperature recorded in the Pend Oreille River was 
25.2 degrees Celsius, again at site #2.  As with the previous year, the maximum temperature 
recorded at this site was late July and early August.  The maximum temperature downstream 
above the confluence with the Priest River at site #3 was 24.8 degrees Celsius. 
 
The primary purpose for monitoring temperature of the Pend Oreille River was to determine 
whether or not current water quality standards are being achieved as defined in Idaho 
Administrative Procedures Act (IDAPA).  IDAPA 58.01.02.250.02b states for cold water biota 
that water temperatures shall be twenty-two (22) degrees Celsius or less with a maximum daily 
average of no greater than nineteen (19) degrees Celsius.  Under this definition it would appear 
that the Pend Oreille River does not meet current water quality standards for temperature.  The 
IDEQ 2000 Subbasin Assessment for the Pend Oreille River did not find exceedances of 
temperature water quality standards; however, the temperature data collected in 1985 and 1986 
were at one location and at a depth of approximately five meters (16.4 feet) (IDEQ, 2000). 
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Figure 9.  Temperature logger data, site #1, Pend Oreille River, Idaho, 2004 
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Figure 10.  Temperature logger data, site #2, Pend Oreille River, Idaho, 2004 
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Figure 11.  Temperature logger data, site #3, Pend Oreille River, Idaho, 2004 
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4.1.2. Total Suspended Solids 



 
The primary purpose for monitoring total suspended solids (TSS) was to establish background 
TSS values in the upper water column which may help in determining sediment load and 
delivery allocations should the IDEQ determine a TMDL for sediment in the Pend Oreille River 
is required.  TSS data collected by IDEQ in 1985 and 1986 near Laclede, Idaho, on the Pend 
Oreille River were below detection limits of 2.0 mg/l.  TSS data collected as part of this study 
were all below the detection limit of 5.0 mg/l with the exception of site #5 and the duplicate 
sample taken at this station on June 2, 2004.  The sample at site #5 was 6.9 mg/l and the 
duplicate sample was 8.9 mg/l.  This site consistently experienced visible sediment plumes near 
the northern riverbank above and in the vicinity of the public swimming area and boat launch.  It 
is not known if the sediment in this area is due to human activity or naturally occurring 
phenomena related to river flow characteristics.  There is a large pump house of some sort near 
the boat launch as well and it is possible that river water is being pumped which may cause 
disturbance of river bottom sediments.  A large lumber mill is located on the south side of the 
river in this location and may also be associated with the sediment plume in this area.   
 



4.1.3. Eurasian Milfoil Identification 
 
Eurasian Milfoil was identified in the field each month during 2004 and then mapped to a GIS 
coverage along with Eurasian Milfoil data obtained from Bonner County Weed Department 
(Figure 6).  There were three areas of Eurasian Milfoil growth not identified by Bonner County 
Weed Department and most were within close proximity to public boat launches and or 
recreational areas on the Pend Oreille River.  The first area not identified by Bonner County 
Weed Department is below the Albeni Falls dam near sampling site #6 along the Idaho-
Washington border.  Heavy milfoil growth around the public boat launch and floating dock 
maintained by the COE interfere with recreational activities according to many of the patrons of 
this facility (personal communication).  The second site not identified by Bonner County Weed 
Department is near sampling site #4 and is a popular swimming area and boat launch, although 
not well publicized.  Milfoil growth in this area was found upstream of the boat ramp.  The third 
location not identified by Bonner County Weed Department was near sampling site #2 just 
downstream of the Springy Point recreation area on the north side of the Pend Oreille River.  The 
other areas of milfoil growth identified during this study were already identified by the Bonner 
County Weed Department.  It is clear that Eurasian Milfoil has already migrated from the Pend 
Oreille River in Washington throughout the Pend Oreille River in Idaho and is now a matter of 
identification and management.  It is also clear from the information obtained through this study 
and that of the Bonner County Weed Department that the Pend Oreille River in Idaho is currently 
experiencing impacts to recreational uses from the growth of Eurasian Milfoil.  Furthermore, 
Eurasian Milfoil growth will only worsen over time in the Pend Oreille River without 
appropriate identification and management efforts. 
 



4.1.4. Secchi Disk Measurements 
 
Secchi disk measurements were conducted at each sampling location throughout the monitoring 
season and are shown in Figure 12.  As expected, secchi disk readings were lowest in June and 
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became increasingly deeper through the summer.  During August and September at site #6 
shallow river conditions did not allow for a true secchi reading and reflect the depth to the river 
bottom.   
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Figure 12.  Secchi disk measurements in the Pend Oreille River, Idaho, 2004 



 
4.2. Chemical Water Quality 
 
This section discusses the results of the chemical water quality monitoring conducted during the 
summer of 2004, including DO, pH, conductivity, TP, and TN. 
 



4.2.1. Dissolved Oxygen 
 
No violations of the 6.0-mg/l water quality standards for DO as outlined in IDAPA 
58.01.02.250.02 were documented during this study (Figure 13).  However, at site #6 near the 
border of Idaho and Washington, one sample (July 6, 2004) violated Washington State DO 
standards of 8.0 mg/l.  Although other sites on the Pend Oreille River in Idaho experienced DO 
levels below Washington State standards, they were all several miles upstream of the state line.  
The violation of Washington State standards near the border is noteworthy because the state of 
Idaho is required to meet all Washington State water quality standards at the border.   
 
Site #5 consistently experienced the lowest DO levels averaging about 7.6 mg/l.  Low DO levels 
at this location may be due in part to the pulp mill located on the south side of the river 
contributing runoff water laden with natural wood waste byproducts (e.g., tannins and lignins).  
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DO levels at this location may also be influenced by occasional higher levels of suspended 
sediment as noted in Section 4.1.2. 
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Figure 13.  Dissolved oxygen levels in the Pend Oreille River, Idaho, 2004 



 
 



4.2.2. pH 
 
The pH values obtained during the 2004 sampling are listed in Figure 14.  Overall pH values 
averaged just above neutral with no large deviations on either side of the pH scale at any time 
and all values were within acceptable fresh water levels.  Currently there are no pH standards for 
surface waters of Idaho under IDAPA 58.01.02.250. 
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Figure 14.  pH levels in the Pend Oreille River, Idaho, 2004 



 
 



4.2.3. Conductivity 
 
Electrical conductivity is a standard field measurement that can be used to better understand the 
amount of total dissolved solids in the water column.  Conductivity values expressed as micro 
Siemens per centimeter (mS/cm) are listed in Figure 15.  To convert the electrical conductivity of 
a sample into the approximate concentrations of total dissolved solids (TDS) in parts per million 
(ppm) the following equation was used:  
 



TDS (ppm) = Conductivity (mS/cm) x 0.67 
 
The conversion factor depends on the chemical composition of the dissolved solids and ranges 
from 0.59 to 0.96.  A conversion factor of 0.67 is commonly used when the actual conversion 
factor is not known.  Calculated TDS values are included in Figure 16.  Conductivity values for 
the Pend Oreille River are within generally accepted fresh water values of 0 to 1,500 mS/cm.  
Currently there are no electrical conductivity standards for surface waters of Idaho under IDAPA 
58.01.02.250. 
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Figure 15.  Electrical conductivity levels in the Pend Oreille River, Idaho, 2004 
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Figure 16.  TDS levels in the Pend Oreille River, Idaho, 2004 
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4.2.4. Total Phosphorus 
 
TP data are provided in Figure 17.  Based on the limited data from this study, levels of TP in the 
Pend Oreille River, Idaho, appear to have a minor increasing trend from the outlet of Lake Pend 
Oreille to the Idaho-Washington border.  Sites #5 and #6 were consistently higher than sites 
further upstream and the highest level found was 0.020 mg/l at site #5 during the June sampling 
event.  The suggested TP values for the open waters of Lake Pend Oreille are 0.0073 mg/l 
(TSWQC, 2001) and most of the values in the river are either at or below this target with the 
exception of sites #5 and #6.  The nearshore areas rather than the open waters of Lake Pend 
Oreille are more comparable to conditions in the Pend Oreille River and the nearshore nutrient 
TMDL for Lake Pend Oreille set a TP limit of 0.009 mg/l (IDEQ, 2003).  Furthermore, EPA has 
recommended nutrient criteria for Ecoregion II, including TP at 0.010 mg/l (USEPA, 2000).  
Based on the target levels established in the nearshore TMDL and EPA suggested criteria, only 
sites #5 and #6 would have exceedances for TP.   
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Figure 17.  Total phosphorus levels in the Pend Oreille River, Idaho, 2004 



 
 



4.2.5. Total Nitrogen 
 
TN values were determined by taking the sum of nitrate (NO3), nitrite (NO2), organic nitrogen 
and ammonia from laboratory analyses.  Total Kjeldahl Nitrogen (TKN) analyses comprise both 
organic nitrogen and ammonia (NH3).  Therefore, the values listed in Figure 18 are a sum of 
NO3, NO2 and TKN.  All samples were below the laboratory’s reporting limit of 0.020 mg/l for 
NO3-NO2.  A value equal to one-half of the reporting limit (0.010 mg/l) was used to derive TN 
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values.  The levels of TN in the Pend Oreille River are above the EPA recommended nutrient 
criteria of 0.12 mg/l established for Ecoregion II (USEPA, 2000).  With a few exceptions, the 
majority of the nitrogen in the Pend Oreille River is in the organic form, as indicated by low 
levels of NO3-NO2, NH3, and higher levels of TKN.  Two samples had NH3 levels higher than 
the TKN values and personnel at SVL Analytical, Inc., were not able to provide an explanation 
for this.   It does not appear that ammonia levels exceed criterion maximum concentrations 
(CMC) or criterion chronic concentrations (CCC) based on IDAPA 58.01.02.250.02d; however, 
a more detailed investigation and interpretation of the water quality standards specific to 
ammonia would be necessary. 
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Figure 18.  Total nitrogen levels in the Pend Oreille River, Idaho, 2004 



 
 
4.3. Biological Water Quality 
 
This section discusses the chlorophyll a data collected during the summer of 2004 and also 
includes information on the riparian vegetation and riverbank conditions observed during the 
sampling.   
 



4.3.1. Chlorophyll a 
 
Chlorophyll a levels were highest in June and decreased over the field season (Figure 19).  EPA 
nutrient criteria for Ecoregion II suggest chlorophyll a reference conditions be 1.08 micrograms 
per liter (ug/l).  Based on the EPA suggested standard, the Pend Oreille River is above reference 
conditions for Ecoregion II for chlorophyll a at all sampling sites during the months of June and 
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July.  Sampling conducted in the open waters of Lake Pend Oreille during 2004 also showed the 
same decreasing trend of chlorophyll a levels from a high in June to a low in September.   
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Figure 19.  Chlorophyll a levels in the Pend Oreille River, Idaho, 2004 



 
 



4.3.2. Riparian Vegetation and River Bank Conditions 
 
Although not specifically included as a task in the scope of work for this project, riparian 
vegetation at each sampling site was observed to characterize vegetation types and abundance.  
River bank conditions were also observed to evaluate the susceptibility for erosion and sediment 
delivery to the Pend Oreille River.  The information was noted during site reconnaissance to 
provide background information on site conditions and potential sources of sediment.  At site #2 
the north shore was composed primarily of rounded granite cobbles with the banks consisting of 
fine sand.  Eroding banks were observed on the north side of the river for approximately one half 
(1/2) mile in this area.  The riparian vegetation on the north bank consisted of grasses and ferns 
with scattered deciduous trees including birch, poplar, and cottonwood.  A few large fir trees and 
fewer pines were also observed in this vicinity.  A bald eagle was also sited at this location.  The 
south side of the river was composed of solid granite type rock to the waters edge and shore was 
composed of large angular granite type boulders.  The granite at this location was well covered 
with a variety of evergreen trees, including ponderosa pines, lodge pole pines, and fir. 
 
At site #3 the north shore was made up of granite type boulders to the waters edge with a railroad 
track located approximately 10 vertical feet above and 20 feet away from the river.  The 
dominant vegetation was lodge pole pines and fir trees with scattered shrubs and alder.  Moose 
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droppings were observed in the riparian area and along the railroad tracks.  The south shore 
consists of a prominent sand bar, which gently slopes up to the riverbank.  Several homes are 
situated above the south bank in this location with evidence of future development, including 
cleared lots and recent construction activity.  The riparian area at this location is primarily lawn 
grass up to the waters edge with some natural grasses growing on and near the point bar creating 
a small wetland.  Potential sediment delivery from this area is high and visibly exacerbated by 
recreational watercraft. 
 
At site #4, the north shore had visible bank erosion, which is typical of what was seen in many 
places along the north bank of the Pend Oreille River (Figure 20).  The riparian vegetation in this 
area consisted of tall grasses with scattered shrubs and noxious weeds, including spotted 
knapweed growing in fine sand and silt.  There is a dock at this location that seems to be well 
used by locals for recreation.  The south shore at this location was primarily lawn grass with 
large riprap boulders and a private boat ramp consisting of large cobbles.  Natural riparian 
vegetation consisted of tall grasses and shrubs where it could grow undisturbed. 
 
Site #5 is near the public boat launch, dock, and park along the Pend Oreille River at the City of 
Priest River.  Spotted knapweed was common just upstream from the park and transitioned into 
mixed forest and grassland.  The riverbanks in this area were steep and comprised primarily of 
sand and silt.  Approximately a half-mile of riverbank upstream of the park is experiencing 
serious erosion problems.  The south shore has relatively steep banks that have been reinforced 
with large boulders and is the site of a large lumber mill still in operation.  The riparian 
vegetation upstream of the mill and above the riverbank is primarily pine forest, grass and 
shrubs.  There is little riparian vegetation downstream on either side of the river at this location. 
 
Site #6 is just above the public boat launch and dock built and maintained by the COE.  The 
north shore in this location consists of fine sand and silt with riparian vegetation consisting 
almost exclusively of tall grasses and a few scattered shrubs.  Fluctuating water levels from dam 
operations upstream seem to influence the type and location of riparian vegetation.  The southern 
riverbank at this location is steep and consists of mixed cobbles, pebbles, and sand.  There is 
little riparian vegetation until reaching the flood plain approximately twenty plus vertical feet 
from the waters surface.  Large bridge abutments are in the river downstream to support 
Highway 2 at the border of Idaho and Washington. 
 
In summary, the riverbank conditions of the Pend Oreille River are highly susceptible to erosion 
where the banks do not consist of bedrock or large boulders.  Field observations indicate that 
recreational watercraft usage on the river is high to very high and has noticeable impacts to bank 
erosion.  Much of the Pend Oreille River banks and flood plains in Idaho do not support the type 
and quantity of vegetation that can provide stability and strength to the sandy soils and help in 
preventing erosion from both natural river conditions as well as recreational impacts.  Moreover, 
disturbing trends of development along the banks of the Pend Oreille River are not using any 
form of natural vegetation for bank stabilization.  Large rip rap boulders are becoming more 
common and valuable habitat along the Pend Oreille River appears to be rapidly declining. 
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Figure 20.  Riverbank erosion, site #4, Pend Oreille River, Idaho 



 
 
4.4. Sieve Analyses 
 
The primary purpose for river bottom substrate sampling was to better understand and 
characterize the types of sediment found in the Pend Oreille River.  Three samples of river 
bottom sediments were collected once at each sampling location and sieved to determine particle 
size distributions (Figures 21 through 33).  Each sample was carefully inspected for macro 
invertebrates, however, none were found in any of the samples collected. 
 
On the north side of the river at site #2, sample 2-1North was collected at a depth of 4 meters.  
Over 55 percent of the sample collected was sand (20.6 percent coarse, 8.8 percent medium, and 
26.5 percent fine), 35 percent of the sample was silt, and just over 8 percent of the sample was 
clay.  There was considerable wood debris in the sediments at this sampling site.  Site 2-2Middle 
was collected at a depth of 12 meters and contained approximately 65 percent silt, 28 percent 
sand (6 percent coarse, 6 percent medium, and 16 percent fine), and 6 percent clay.  Unlike the 
previous sample, there was little to no woody debris at this location and the coarse sand 
contained a few very small pebbles.  Site 2-3South was collected at a depth of 12 meters and 
contained almost 83 percent sand (56.9 percent coarse, 15.5 percent medium, and 10.3 percent 
fine).  The sand at all of these sampling sites appeared to be relatively new in age as indicated by 
the angular rather than rounded particles and was made up of the granite type parent material 
found in the local watershed.   
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At site #3 the north and middle samples (3-1North, and 3-2Middle) were solid granite bedrock at 
a depth of 7 meters and 15 meters respectively.  Sample 3-3South was collected at a depth of 6 
meters and contained approximately 34 percent sand (1.9 percent coarse, 5.7 percent medium, 
and 26.7 percent fine), 65 percent silt, and 1 percent clay.  As with site #2, the sand appeared to 
be relatively young in age and freshly weathered from the parent material along the river and in 
the local watershed. 
 
At site #4 the north sample, 4-1North was collected at 3 meters depth and contained over 62 
percent sand (26.4 percent coarse, 7.2 percent medium, and 28.8 percent fine), 21 percent silt, 
and almost 16 percent clay.  There was considerable wood debris in this sample.  Sample 4-
2Middle was collected at 14 meters and contained over 35 percent sand (1 percent coarse, 4 
percent medium, and 29.7 percent fine), 64 percent silt, and 1 percent clay with little to no 
organics.  Sample 4-3South was also collected at a depth of 14 meters and contained over 29 
percent sand (4.9 percent coarse, 4.9 percent medium, and 19.7 percent fine), 65 percent silt, and 
nearly 5 percent clay with little to no organics.  
 
The north shore at site #5, sample 5-1North, was collected at 6 meters and contained 
approximately 38 percent sand (11.5 percent coarse, 4.9 percent medium, and 21.3 percent fine) 
with noticeable organics, 59 percent silt, and just over 3 percent clay.  Sample 5-2Middle 
contained approximately 64 percent sand (19 percent coarse, 17.1 percent medium, and 38.1 
percent fine) with noticeable woody organic debris, 31 percent silt, and nearly 5 percent clay.  
Sample 5-3South contained over 81 percent sand (47.2 percent coarse, 13.2 percent medium, and 
20.8 percent fine), 17 percent silt, and almost 2 percent clay. 
 
Sample 6-1North contained over 39 percent sand (6.3 percent coarse, 8.3 percent medium, and 
25 percent fine) with little organic matter, 54 percent silt, and over 6 percent clay.  Sample 6-
2Middle contained approximately 37 percent sand (2 percent coarse, 7 percent medium, and 28 
percent fine), 62 percent silt, and 1 percent clay.  Sample 6-3South contained over 68 percent 
sand (35.8 percent coarse, 9 percent medium, and 23.9 percent fine), nearly 30 percent silt, and 
just over 1 percent clay. 
 
Based on the results of this sampling effort, the Pend Oreille River channel substrate is 
dominated by granitic type sands and silt with areas of heavy woody organic debris.  The areas 
of woody debris almost always occurred on the north shore and were generally absent from the 
main river channel.  This is not surprising since many of the historic lumber mills were located 
on the north shore of the Pend Oreille River.  Although the substrate sampling was somewhat 
limited in scope, it was surprising that very little gravel was found on the river bottom, and the 
gravel that was encountered was buried within sand and silt.  The river bottom substrate clearly 
reflects the parent material of the Pend Oreille River basin in Idaho and suggests that the river 
bottom is easily scoured and able to transport large quantities of sediment under high flow 
conditions.  This along with the overall absence of macro invertebrates and large gravel may be a 
factor when considering the overall health of fish habitat and proposed fisheries management 
actions for the Pend Oreille River in Idaho.   
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5. RECOMMENDATIONS FOR FUTURE WORK 
 
There are several recommendations for future work on the Pend Oreille River that would be 
helpful to better understand whether or not the designated beneficial uses are being met and 
support development of TMDLs, if necessary.  Monitoring recommendations include the 
following: 
 
•  A stream bank inventory should be completed for the Pend Oreille River in Idaho to identify 



problem areas and determine lateral recession rates where appropriate.   
 
•  Turbidity monitoring should be conducted during the summer months in identified sensitive 



shoreline areas to see if violations of turbidity standards and or excessive bank erosion rates 
are being caused by boat traffic.  This type of data would be extremely helpful not only to 
IDEQ, but also to the Bonner County Planning Department when considering potential 
impacts from proposed development.   



 
•  The Bonner County Sheriff patrols the Pend Oreille River almost daily during the summer 



months and could record occurrences of Eurasian Milfoil for the Bonner County Weed 
Department.  The Sheriff may be equipped with GPS and be able to record exact locations.   



 
•  Monitoring should be conducted regularly during the summer months at the Idaho-



Washington border to better understand DO fluctuations and potential State of Washington 
water quality violations.   



 
•  Additional monitoring for TN and TP should be conducted to ensure water quality targets 



established in the near shore nutrient TMDL for Lake Pend Oreille are being met in the Pend 
Oreille River.   



 
•  Information specific to sediment accumulation behind Albeni Falls Dam may provide good 



historic sediment transport rates for the Pend Oreille River and sediment coring at the dam 
would also provide additional information concerning bed load transport. 
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Figure 21.  Sieve analysis, site 2-1 North 
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Figure 22.  Sieve analysis, site 2-2 Middle 
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Figure 23.  Sieve analysis, site 2-3 South 
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Figure 24.  Sieve analysis, site 3-3 South 
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Figure 25.  Sieve analysis, site 4-1 North 
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Figure 26.  Sieve analysis, site 4-2 Middle 
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Figure 27.  Sieve analysis, site 4-3 South 
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Figure 28.  Sieve analysis, site 5-1 North 
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Figure 29.  Sieve analysis, site 5-2 Middle 
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Figure 30.  Sieve analysis, site 5-3 South 
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Figure 31.  Sieve analysis, site 6-1 North 
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Figure 32.  Sieve analysis, site 6-2 Middle 
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Figure 33.  Sieve analysis, site 6-3 South 
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From: Nickel, Brian
To: "June.Bergquist@deq.idaho.gov"
Subject: RE: Sandpoint TP question
Date: Tuesday, January 12, 2016 9:49:00 AM


June:
Since we’re now establishing seasonal instead of annual limits for TP, I thought it made more sense
to use a maximum effluent concentration in the reasonable potential analysis than an average
concentration. Arguably this is more consistent with the regulations, which state that reasonable
potential analyses “shall use procedures which account for…the variability of the pollutant or
pollutant parameter in the effluent” (40 CFR 122.44(d)(1)(ii)).
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-0165
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
https://usepa-my.sharepoint.com/personal/nickel_brian_epa_gov/Blog
Please conserve natural resources by not printing this message.


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Tuesday, January 12, 2016 7:39 AM
To: Nickel, Brian 
Cc: June.Bergquist@deq.idaho.gov
Subject: Sandpoint TP question
Hi Brian,
Sorry, one more question came up during our internal review: I see on the revised draft fact sheet
(2015) in the reasonable potential analysis section (page E-3) that you changed the phosphorus
effluent strength to 5.33mg/L, up from 2.41mg/L in the 2014 fact sheet (page E-3). The 2.41mg/L
value was based on an average of data from 2002-2010 and the 5.33mg/L was the maximum value
based on data from 2010-2015. What is the reason for this change? Thanks.
June








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov
Subject: preliminary draft cert for your review and comment Sandpoint
Date: Tuesday, January 19, 2016 9:29:12 AM
Attachments: Draft 401 certification Sandpoint WWTP 1-19-16 draft.DOCX


Hi Brian,
The Sandpoint draft cert just finished internal review and I thought you might want to take a look
before I submit it for signature. Let me know if you have any questions or suggested changes. Thanks
for all your help on this one.
June
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			Idaho Department of Environmental Quality


Draft §401 Water Quality Certification





			January 19, 2016   





			NPDES Permit Number(s): ID002842 City of Sandpoint Wastewater Treatment Plant





			Receiving Water Body: Pend Oreille River








Pursuant to the provisions of Section 401(a)(1) of the Federal Water Pollution Control Act (Clean Water Act), as amended; 33 U.S.C. Section 1341(a)(1); and Idaho Code §§ 39-101 et seq. and 39-3601 et seq., the Idaho Department of Environmental Quality (DEQ) has authority to review National Pollutant Discharge Elimination System (NPDES) permits and issue water quality certification decisions. 


Based upon its review of the above-referenced permit and associated fact sheet, DEQ certifies that if the permittee complies with the terms and conditions imposed by the permit along with the conditions set forth in this water quality certification, then there is reasonable assurance the discharge will comply with the applicable requirements of Sections 301, 302, 303, 306, and 307 of the Clean Water Act, the Idaho Water Quality Standards (WQS) (IDAPA 58.01.02), and other appropriate water quality requirements of state law.


This certification does not constitute authorization of the permitted activities by any other state or federal agency or private person or entity. This certification does not excuse the permit holder from the obligation to obtain any other necessary approvals, authorizations, or permits. 


Antidegradation Review


The WQS contain an antidegradation policy providing three levels of protection to water bodies in Idaho (IDAPA 58.01.02.051). 


· Tier 1 Protection. The first level of protection applies to all water bodies subject to Clean Water Act jurisdiction and ensures that existing uses of a water body and the level of water quality necessary to protect those existing uses will be maintained and protected (IDAPA 58.01.02.051.01; 58.01.02.052.01). Additionally, a Tier 1 review is performed for all new or reissued permits or licenses (IDAPA 58.01.02.052.07).


· Tier 2 Protection. The second level of protection applies to those water bodies considered high quality and ensures that no lowering of water quality will be allowed unless deemed necessary to accommodate important economic or social development (IDAPA 58.01.02.051.02; 58.01.02.052.08).


· Tier 3 Protection. The third level of protection applies to water bodies that have been designated outstanding resource waters and requires that activities not cause a lowering of water quality (IDAPA 58.01.02.051.03; 58.01.02.052.09).


DEQ is employing a water body by water body approach to implementing Idaho’s antidegradation policy. This approach means that any water body fully supporting its beneficial uses will be considered high quality (IDAPA 58.01.02.052.05.a). Any water body not fully supporting its beneficial uses will be provided Tier 1 protection for that use, unless specific circumstances warranting Tier 2 protection are met (IDAPA 58.01.02.052.05.c). The most recent federally approved Integrated Report and supporting data are used to determine support status and the tier of protection (IDAPA 58.01.02.052.05). 


Pollutants of Concern


The Sandpoint Wastewater Treatment Plant discharges the following pollutants of concern: BOD5, TSS, E. coli, chlorine, mercury, temperature, pH, phosphorus, ammonia, nitrate + nitrite, Kjeldahl nitrogen, arsenic, cadmium, total chromium, chromium VI, copper, cyanide, lead, nickel, silver, zinc and whole effluent toxicity (WET). Effluent limits have been developed for BOD5, TSS, E. coli, chlorine, ammonia, mercury and phosphorus. No effluent limits are proposed for temperature, pH, nitrate + nitrite, Kjeldahl nitrogen, arsenic, cadmium, total chromium, chromium VI, copper, cyanide, lead, silver, zinc and WET.  Although these pollutants are present in detectable amounts, none of the pollutants have a reasonable potential to exceed WQS. The Sandpoint Wastewater Treatment Plant intends to increase their design flow.  Limits for their current permit were calculated using a 3.0 mgd (million gallons per day) design flow and the draft permit uses a 5.0 mgd design flow.  


Receiving Water Body Level of Protection


The Sandpoint Wastewater Treatment Plant discharges to the Pend Oreille River within the Pend Oreille Lake Subbasin assessment unit (AU) 17010214PN002_08 (Pend Oreille Lake to Priest River). This AU has the following designated beneficial uses: cold water aquatic life, domestic water supply, and primary contact recreation
. In addition to these uses, all waters of the state are protected for agricultural and industrial water supply, wildlife habitat, and aesthetics (IDAPA 58.01.02.100).


According to DEQ’s 2012 Integrated Report, this AU is not fully supporting one or more of its assessed uses. The cold water aquatic life use is not fully supported.  Causes of impairment include total dissolved nitrogen gas (gas super-saturation) and temperature. As such, DEQ will provide Tier 1 protection (IDAPA 58.01.02.051.01) for the aquatic life use. The contact recreation beneficial use is unassessed. DEQ must provide an appropriate level of protection for the contact recreation use using information available at this time (IDAPA 58.01.02.052.05.c). Fecal coliform and E. coli monitoring from a USGS monitoring station near Newport, WA and the Sandpoint Water Treatment Plant indicate this use is fully supported (see Appendix A of this certification); therefore, DEQ will provide Tier 2 protection in addition to Tier 1, for the recreation beneficial use (IDAPA 58.01.02.051.01; 58.01.02.051.02).


Protection and Maintenance of Existing Uses (Tier 1 Protection)


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]As noted above, a Tier 1 review is performed for all new or reissued permits or licenses, applies to all waters subject to the jurisdiction of the Clean Water Act, and requires demonstration that existing uses and the level of water quality necessary to protect existing uses shall be maintained and protected. In order to protect and maintain designated and existing beneficial uses, a permitted discharge must comply with narrative and numeric criteria of the Idaho WQS, as well as other provisions of the WQS such as Section 055, which addresses water quality limited waters. The numeric and narrative criteria in the WQS are set at levels that ensure protection of designated beneficial uses. The effluent limitations and associated requirements contained in the Sandpoint Wastewater Treatment Plant permit are set at levels that ensure compliance with the narrative and numeric criteria in the WQS. 


Water bodies not supporting existing or designated beneficial uses must be identified as water quality limited, and a total maximum daily load (TMDL) must be prepared for those pollutants causing impairment. A central purpose of TMDLs is to establish wasteload allocations for point source discharges, which are set at levels designed to help restore the water body to a condition that supports existing and designated beneficial uses. Discharge permits must contain limitations that are consistent with wasteload allocations in the approved TMDL. The Pend Oreille River does not yet have an approved TMDL for temperature or total dissolved nitrogen gas.


Prior to the development of the TMDL, the WQS require the application of the antidegradation policy and implementation provisions to maintain and protect uses (IDAPA 58.01.02.055.04). As previously stated, the cold water aquatic life use in this Pend Oreille River AU is not fully supported due to excess total dissolved nitrogen gas and temperature. The City’s discharge was found to have no reasonable potential to exceed WQS for total dissolved nitrogen gas and temperature (2012 Fact Sheet page 11). Because of the low temperature of the effluent and that total dissolved gas is not a pollutant found in municipal discharges, the City’s discharge complies with IDAPA 58.01.02.054.04. The other pollutants of concern either have effluent limits that ensure compliance with WQS or there is no reasonable potential to exceed WQS.


In summary, the effluent limitations and associated requirements contained in the Sandpoint Wastewater Treatment Plant permit are set at levels that ensure compliance with the narrative and numeric criteria in the WQS. Therefore, DEQ has determined the permit will protect and maintain existing and designated beneficial uses in the Pend Oreille River in compliance with the Tier 1 provisions of Idaho’s WQS (IDAPA 58.01.02.051.01 and 58.01.02.052.07).


High-Quality Waters (Tier 2 Protection)


The Pend Oreille River is considered high quality for recreational uses. As such, the water quality relevant to recreational uses of the Pend Oreille River must be maintained and protected, unless a lowering of water quality is deemed necessary to accommodate important social or economic development.  


To determine whether degradation will occur, DEQ must evaluate how the permit issuance will affect water quality for each pollutant that is relevant to recreational uses of the Pend Oreille River (IDAPA 58.01.02.052.05). These include the following: mercury, E. coli, zinc, nickel, cyanide, arsenic and nutrients. Effluent limits are set in the proposed and existing permit for only mercury, E.coli, and nutrients (discussion below). 


For a reissued permit or license, the effect on water quality is determined by looking at the difference in water quality that would result from the activity or discharge as authorized in the current permit and the water quality that would result from the activity or discharge as proposed in the reissued permit or license (IDAPA 58.01.02.052.06.a). For a new permit or license, the effect on water quality is determined by reviewing the difference between the existing receiving water quality and the water quality that would result from the activity or discharge as proposed in the new permit or license (IDAPA 58.01.02.052.06.a).  


If degradation will occur, DEQ must then determine whether the degradation is significant. A Tier 2 analysis is not required for insignificant degradation. If the discharge will cause a cumulative decrease in assimilative capacity that is equal to or less than 10% from conditions in the Pend Oreille River as of July 1, 2011, then DEQ may determine the degradation is insignificant, taking into consideration the size and character of the discharge and the magnitude of its effect on the receiving water (IDAPA 58.01.02.052.08.a). 


Pollutants with Limits in the Current and Proposed Permit: E. coli


For pollutants that are currently limited and will have limits under the reissued permit, the current discharge quality is based on the limits in the current permit or license (IDAPA 58.01.02.052.06.a.i), and the future discharge quality is based on the proposed permit limits (IDAPA 58.01.02.052.06.a.ii). For the Sandpoint Wastewater Treatment Plant permit, this means determining the permit’s effect on water quality based upon the limits for E. coli in the current and proposed permits. Table 1 provides a summary of the current permit limits and the proposed or reissued permit limits.


Effluent limits for E. coli in the proposed permit are the same as the previous permit and are protective of beneficial uses. However, the proposed increased design flow (3.0 mgd to 5.0 mgd) will theoretically increase the concentration of E. coli bacteria at the edge of a mixing zone. A Tier 2 analysis, however, is only required if the degradation is determined to be significant and significant degradation occurs when the discharge of the pollutant will cumulatively decrease the remaining assimilative capacity by more than 10% percent or, if less than 10%, when determined by the Department to be significant (IDAPA 58.01.02.052.08.a). Sandpoint’s new design flow will reduce the assimilative capacity of E. coli by <1%. Since this value is less than 10% of the remaining assimilative capacity and determined by the Department to be an insignificant increase, no alternatives analysis or socioeconomic justification are required for the increase of E. coli in the Pend Oreille River (see Appendix A of this certification for the analysis).


New Permit Limits for Pollutants Currently Discharged: Mercury, Phosphorus


When new limits are proposed in a reissued permit for pollutants in the existing discharge, the effect on water quality is based upon the current discharge quality and the proposed discharge quality resulting from the new limits. Current discharge quality for pollutants that are not currently limited is based upon available discharge quality data (IDAPA 58.01.02.052.06.a.i). Future discharge quality is based upon proposed permit limits (IDAPA 58.01.02.052.06.a.ii). 


The proposed permit for Sandpoint Wastewater Treatment Plant includes new limits for mercury and phosphorus (Table 1). Since the current permit does not contain effluent limits for mercury or phosphorus, the proposed limits are based on discharge monitoring report (DMR) data and the existing ambient water quality in the Pend Oreille River. Due to the limited amount of phosphorus data and its variability, the entire record to date was used to develop the new effluent limits. The amount of the river necessary to dilute phosphorus to meet a criteria of 10µg/L (see Revised Fact Sheet Appendix E) exceeds 25% which triggered a closer examination of this mixing zone through data collection and modeling summarized in Appendices C and D of this certification (modeling reports are available upon request by calling the contact shown at the end of this certification). Results of the modeling are reflected in the new effluent limits and a compliance schedule.  Details of how the effluent limits were calculated can be found in Appendices E and F of the Revised Fact Sheet. Specifically, to ensure that there is no loss of assimilative capacity in the Pend Oreille River for mercury, the loads in the permit are based on the currently permitted design flow of 3mgd.  New permit limits for phosphorus assure that there will be no degradation (see discussion in Appendix B of this certification). In conclusion, by limiting phosphorus loads with new effluent limits and modeling to verify effects of these new limits; restricting mercury discharges to those currently discharged; and requiring the execution of a mercury minimization plan (permit part I.E.); there should be no degradation of water quality as it relates to recreational beneficial uses.  


Pollutants with No Limits: Arsenic, Zinc, Cyanide and Nickel


There are several pollutants of concern ( relevant to Tier 2 protection of recreation that currently are not limited and for which the proposed permit also contains no limit (Table 1). For such pollutants, a change in water quality is determined by reviewing whether changes in production, treatment, or operation that will increase the discharge of these pollutants are likely (IDAPA 58.01.02.052.06.a.ii). The Sandpoint Wastewater Treatment Plant has proposed a design flow increase of 2.0 mgd. There have been no changes in the industrial sector of Sandpoint that might increase their discharge concentration of these pollutants. However, the proposed increased design flow (3.0 mgd to 5.0 mgd) will theoretically increase the concentration of these pollutants at the edge of a mixing zone. A Tier 2 analysis, however, is only required if the degradation is determined to be significant and significant degradation occurs when the discharge of the pollutant will cumulatively decrease the remaining assimilative capacity by more than 10% percent or, if less than 10%, when determined by the Department to be significant (IDAPA 58.01.02.052.08.a). As shown in Appendix E of this certification, the increase in the design flow will not decrease the remaining assimilative capacity for these pollutants by more than 10%.  Therefore, DEQ has determined there will be no significant degradation. Continued monitoring of new or increased discharges to the treatment system and their pollutants is required by part III. J. of the new permit to detect any changes as future flow increases.  As such, the proposed permit should maintain the existing high water quality in the Pend Oreille River.


In summary, DEQ concludes that this discharge permit complies with the Tier 2 provisions of Idaho’s WQS (IDAPA 58.01.02.051.02 and IDAPA 58.01.02.052.06).


Table 1. Comparison of current and proposed permit limits for pollutants of concern relevant to uses receiving Tier 2 protection. 


Pollutant	Units	Current Permit	Proposed Permit	Changea
		Average Monthly Limit	Average Weekly Limit	Max Daily Limit	Average Monthly Limit	Average Weekly Limit	Max Daily Limit	
Pollutants with limits in both the current and proposed permit
Five-Day BOD	mg/L	30	45	—	30	45	—	Ib
	lb/day	750	1100	—	1251	1877	—	
	% removal	85%	—	—	85%	—	—	
TSS	mg/L	30	45	—	30	45	—	Ib
	lb/day	750	1100	—	1251	1877	—	
	% removal	85%	—	—	85%	—	—	
pH	standard units	6.5–9.0 all times	6.5–9.0 all times	NC
E. coli	no./100 mL	126	—	406	126	—	406	NC
Total Residual Chlorine 	mg/L	0.45	1.1	—	0.348	—	0.912	D
	lb/day	—	—	—	14.5	—	38.0	
Pollutants with new limits in the proposed permit
Total Phosphorus (June-Sept)	µg/L	1/qtr	—	Report	—	—	—	
	lb/day	—	—	—	61	79	—	NC
Total Phosphorus (Oct-May)	µg/L	—	—	—	—	—	—	
	lb/day	—	—	—	96	125	—	NC
Mercury 	µg/L	2/yr	—	Report	0.56	—	1.1	NC
	lb/day	—	—	—	0.014	—	0.028	
Ammonia	mg/L	—	—	—	21.1	—	40.5	D
	lb/day	—	—	—	880	—	1689	D
Pollutants with no limits in both the current and proposed permit
Temperature	°C	1/day	—	Report	—	continuous	NC
Total Ammonia	mg/L	1/mo	—	Report	—	1/mo	Report	NC
Nitrate + Nitrite	mg/L	1/qtr	—	Report	—	1/qtr	Report	NC
Kjeldahl Nitrogen	mg/L	1/qtr	—	Report	—	1/qtr	Report	NC
Arsenic	µg/L	2/yr	—	Report	—	2/yr	Report	NC
Cadmium	µg/L	“	—	Report	—	“	Report	NC
Total Chromium	µg/L	“	—	Report	—	“	Report	NC
Chromium VI	µg/L	“	—	Report	—	“	Report	NC
Copper	µg/L	“	—	Report	—	“	Report	NC
Cyanide	µg/L	“	—	Report	—	“	Report	NC
Lead	µg/L	“	—	Report	—	“	Report	NC
Nickel	µg/L	“	—	Report	—	“	Report	NC
Silver	µg/L	“	—	Report	—	“	Report	NC
Zinc	µg/L	“	—	Report	—	“	Report	NC

a NC = no change in effluent limit from current permit; I = increase of pollutants from current permit;  D = decrease of pollutants from current permit.
b EPA determined that the current water quality based effluent limits for TSS and BOD were unnecessary and that technology based effluent limits for these pollutants would not violate the dissolved oxygen WQS (Revised Fact Sheet Appendix D).  Since the Pend Oreille River only receives Tier 1 protection for cold water aquatic life, pollutants significant to this use can be increased up to the WQS criteria (IDAPA58.01.02.052.07).  





Conditions Necessary to Ensure Compliance with Water Quality Standards or Other Appropriate Water Quality Requirements of State Law





Compliance Schedules


Pursuant to IDAPA 58.01.02.400.03, DEQ may authorize compliance schedules for water quality-based effluent limits issued in a permit for the first time. Sandpoint Wastewater Treatment Plant cannot reliably achieve compliance with the effluent limits for ammonia and phosphorus; therefore, DEQ authorizes a compliance schedule and interim requirements as set forth below. This compliance schedule provides the permittee a reasonable amount of time to achieve the final effluent limits as specified in the permit. At the same time, the schedule ensures that compliance with the final effluent limits is accomplished as soon as possible. At the request of the City of Sandpoint, this schedule includes two options, one that utilizes their existing treatment plant and the other which allows time for the construction of a new treatment plant. 





Requirements for Compliance Schedule Option 1 and 2





1. The permittee must comply with all effluent limitations and monitoring requirements in Part I.B., I.C. and I.D. beginning on the effective date of the permit, except those for which a compliance schedule is specified in Part II.F of the final permit.





2. The permittee must achieve compliance with the applicable final effluent limitations as set forth in Part I.B. (Table 1) of the permit no later than:





a. Five (5) years after the effective date of the final permit for Option 1, or 


b. Ten (10) years after the effective date of the final permit for Option 2.


 


3. While the schedules of compliance specified in Part II.F of the permit are in effect, the permittee must complete interim requirements and meet interim effluent limits and monitoring requirements as specified in Parts I.B, I.C, I.D and I.E of the permit.





4. By one (1) year after the effective date of the final permit, the permittee must notify EPA and DEQ in writing that a preferred compliance schedule option has been selected and demonstrate that funding for the preferred option is secured for Option 1 or has a City of Sandpoint approved strategy for obtaining funding for Option 2.








Option 1 Existing Plant Upgrades – 5 Year Schedule





This option applies if the City of Sandpoint decides to upgrade their existing treatment plant to meet final effluent limits.





1. By three (3) years after the effective date of the final permit, the permittee must provide for DEQ approval, a preliminary engineering report (PER) that examines how to improve effluent quality and meet effluent limits associated with phosphorus and ammonia.  This report must include details on how the proposed improvements will meet final effluent limits. The report shall include materials, costs, and a schedule for completion of the work.   





2. By four (4) years after the effective date of the final permit, final plans and specifications for the modifications proposed in the PER shall be submitted to DEQ for approval.  





3. By five (5) years after the effective date of the final permit, the permittee must have completed the plant upgrade and achieved compliance with final effluent limits and WQS as shown in Table 3.  





Option 2 New Treatment Plant – 10 Year Schedule


This option applies if the City of Sandpoint decides to construct a new treatment plant that will meet final effluent limits.





Interim Requirements for Option 2 Compliance Schedule





1. By three (3) years after the effective date of the final permit a facility plan shall be submitted to DEQ for review and approval.  The facility plan shall include outlining estimated costs and schedules for construction of a new wastewater treatment plant and implementation of technologies to achieve final effluent limitations. This schedule must include a timeline for pilot testing.  





2. By four (4) years after the effective date of the final permit, the permittee must provide EPA and DEQ with a progress report on funding for the new facility. Copy of notice of bond approval or notice of judicial confirmation is acceptable.





3. By five (5) years after the effective date of the final permit, the permittee must provide EPA and DEQ with written notice that design has been completed and approved by DEQ.





4. By six (6) years after the effective date of the final permit, the permittee must provide EPA and DEQ with a notice that bids for construction have been awarded to achieve final effluent limitations.  





5. By seven (7) and eight (8) years after the effective date of the final permit, the permittee must provide EPA and DEQ with brief progress reports of construction as they relate to meeting the compliance schedule timeline and final effluent limits.  





6. By nine (9) years after the effective date of the final permit, the permittee must provide EPA and DEQ with written notice that construction has been substantively completed on the facilities to achieve final effluent limitations.





7. By ten (10) years after the effective date of the final permit, the permittee must provide EPA and DEQ with a written report providing details of a completed start up and optimization phase of the new treatment system and must achieve compliance with the final effluent limitations of Part I.B. 








			Table 2. Interim Limits for Both Options





			Parameter


			Units


			Average Monthly Limit


			Average Weekly Limit


			Mixing Zone





			Phosphorus


			lb/day


			96


			125


			60%





			Ammonia


			mg/L


			effluent limit based on max DMR value from 6-20-10 through 7-31-15 of 32.8


			percent mixing zone for interim limit


			?





			


			lb/day


			?


			


			











			Table 3. Final Limits for Both Options





			Parameter


			Units


			Average Monthly Limit


			Average Weekly Limit


			Percent Mixing Zone





			Phosphorus 


(June-September)


			lb/day


			61


			79


			47% of the 30Q10 flow (6,640 cfs)





			Phosphorus (October-May)


			lb/day


			96


			125


			60% of the 30Q10 flow (8,260 cfs)





			Ammonia


			mg/L


			21.1


			Max Daily Limits


			25%





			


			


			


			40.5


			





			


			lb/day


			880


			1689


			











Mixing Zones
Due to Sandpoint’s desire for a design flow increase, DEQ and EPA modeled various scenarios related to the phosphorus mixing zone and downstream conditions in the Pend Oreille River. EPA did additional modeling to examine the acute and chronic mixing zones for ammonia, chlorine and mercury. These modeling efforts resulted in more stringent limits for phosphorus, ammonia and chlorine. The mixing zones for these pollutants and the rationale behind their use are described in detail in the modeling documentation and reports available from DEQ upon request. Pursuant to IDAPA 58.01.02.060, DEQ authorizes the mixing zones summarized in Table 4 for the current outfall location.


Table 4:  Mixing Zones
Pollutant	Mixing Zone (% of critical flow volumes of the Pend Oreille River)
ammonia interim limit	?%
ammonia final limit	25%
arsenic	25%
chlorine	25%
chromium III	25%
chromium IV	25%
copper	25%
cyanide	25%
lead	25%
mercury	25%
nitrate + nitrite	25%
zinc	25%
Phosphorus, June-September 	interim limit	60%
Phosphorus, June-September 	final limit	47%  
Phosphorus, October-May	60%




Other Conditions


This certification is conditioned upon the requirement that any material modification of the permit or the permitted activities—including without limitation, any modifications of the permit to reflect new or modified TMDLs, wasteload allocations, site-specific criteria, variances, or other new information—shall first be provided to DEQ for review to determine compliance with Idaho WQS and to provide additional certification pursuant to Section 401.


Right to Appeal Final Certification


The final Section 401 Water Quality Certification may be appealed by submitting a petition to initiate a contested case, pursuant to Idaho Code § 39-107(5) and the “Rules of Administrative Procedure before the Board of Environmental Quality” (IDAPA 58.01.23), within 35 days of the date of the final certification.


Questions or comments regarding the actions taken in this certification should be directed to June Bergquist, Coeur d’Alene Regional Office at 208.666.4605 or via email at june.bergquist@deq.idaho.gov.





			


			DRAFT


			


			Daniel Redline


			


			Regional Administrator


			


			Coeur d'Alene Regional Office













































































Appendix A


E. coli Significance Test





Background
The Pend Oreille River is considered high quality for recreational uses. To prevent the lowering of water quality with respect to E. coli, DEQ must ensure that the design flow increase proposed by the Sandpoint WWTP draft permit does not cumulatively decrease the remaining assimilative capacity of the river by more than ten percent taking into account the size and character of the discharge and the magnitude of its effect on the receiving water (IDAPA 58.01.02.052.08.a).  


Assimilative capacity is determined by comparing the background (ambient) concentration of a pollutant with the Water Quality Standard (WQS). The difference between these two numbers is the remaining assimilative capacity. 


Only two data sets were found to use for the establishment of a background level of E. coli concentration in the river above the WWTP discharge. There were 18 fecal coliform samples collected by the USGS at their monitoring station near Newport, WA from 1990 through 1995.  The maximum value was 17 cfu/100ml and the average was 4 cfu/100ml. The other data set were 26 samples taken by the Sandpoint Water Treatment Plant in 2008-2009; however, those samples were drawn from a 14-25 foot depth depending on season, and may not be representative of bacteria levels closer to the surface where most recreational use occurs. The maximum value of this data set was 3 cfu/100ml. A background value of 4 cfu/100ml was selected for this analysis.  Upstream monitoring has been added to the draft permit.


Analysis


· Background concentration upstream of Sandpoint discharge:  4 cfu/100ml


· E. coli effluent limit that must be met at the “end of the pipe” i.e. no mixing zone authorized: 126 cfu/100ml


· Remaining assimilative capacity:  126 – 4 = 122 cfu/100ml 


· Ten percent of 122 cfu/100ml is:  12.2 ≈ 12 cfu/100ml. This is the amount of E. coli that can be added to the river before the amount becomes significant. 


· Sandpoint proposes to increase their current design flow from 3.0 mgd (4.64 cfs) to 5.0 mgd (7.7 cfs).


· Effluent concentration (from draft permit average monthly limit):  126 cfu/100ml





· In-river 30Q5 flow (critical low flow for non-carcinogenic human health criteria; see Revised Fact Sheet Appendix C) = 7,360 cfs








Results


Current Mixed Concentration = 4.08 cfu/100ml  	


Proposed Mixed Concentration = 4.13 cfu/100ml


4.13 – 4.08 = 0.05 cfu/100ml (or 0.05/12 = 0.4%) is the reduction in assimilative capacity from the current design flow to the proposed design flow.  This proposed increase of E. coli does not exceed 10% of the remaining assimilative capacity and considering the character of the discharge and magnitude of its effect on the Pend Oreille River, the Department has determined that this decrease is not a significant degradation of river water quality.  



Formula used to calculate mixed concentrations:


Mixed Concentration = Cm = [ (Ce * Qe)  +(Cu * Qu) ] / (Qe+Qu)


Where:


Cm = Mixed Concentration (µg/L) 
Ce = Effluent Concentration (µg/L) 
Qe = Effluent Volume (liters, calculated as flow rate in cfs * constant 28.316) 
Cu = Upstream concentration (µg/L) 
Qu = Upstream Volume (liters, calculated as flow rate in cfs * constant 28.316)









Appendix B


Phosphorus and Antidegradation Review 





Background
The Pend Oreille River is considered high quality for recreational uses and therefore, receives Tier 2 protection.  Excess nutrients in a waterbody can create visible slime growths or other nuisance aquatic growths, impairing designated uses such as contact recreation.  Pend Oreille River has a designated use for primary contact recreation. Phosphorus is likely the limiting nutrient for the growth of algae and other aquatic plants. To prevent the lowering of water quality with respect to total phosphorus, DEQ must ensure that the design flow increase proposed by the Sandpoint WWTP draft permit does not increase phosphorus in the river.  


Analysis


· Background concentration upstream of Sandpoint discharge (see Revised Fact Sheet Appendix E):  7.3µg/L


· Phosphorus target concentration to be met at edge of a 47.2% mixing zone (see Revised Fact Sheet Appendix E and IDAPA 58.01.02.200.06): 	10µg/L


· Sandpoint proposes to increase their current design flow from 3 mgd (4.64 cfs) to 5 mgd (7.74 cfs).  


· Current effluent concentration as calculated for the reasonable potential analysis (Revised Fact Sheet Appendix E) is *5330µg/L which is the maximum effluent concentration between June 2010 and August 2015. 


· Proposed effluent limits for June-Sept is 1463µg/L and Oct-May is 2302µg/L (Fact Sheet Appendix E)


· In-river 30Q10 flow June- September = 6,640 cfs and October – May 8,260 cfs





*IDAPA 58.01.02.052.06.a.iii indicates that the change in water quality for new permit limits for an existing discharge shall be calculated using the same statistical procedures used to determine the new effluent limits. The 5330 µg/L concentration is what was used by EPA in the reasonable potential analysis Fact Sheet Appendix E.





Results


Current Mixed Concentration = summer: 11.0 µg/L winter: 10.3µg/L





Both current concentrations exceed 10µg/L and therefore do not meet the water quality standard. 


Because of these results and the determination that the state’s mixing zone policy also was not met for the discharge of this pollutant, EPA developed water quality-based effluent limits. These limits were verified and modified (a reduction) by CORMIX and CE-QUAL-W2 modeling efforts presented in Appendix C and D of this certification.  The proposed water quality based limits are June-Sept 61 lbs/day (equivalent to a concentration of 1463µg/L) and Oct-May 96 lbs/day (equivalent to a concentration of 2302µg/L).  Using the proposed effluent limits and the new design flow of 5mgd the results are as follows:





Proposed Mixed Concentrations = summer: 8.99µg/L winter: 9.45µg/L





Both seasons show a lowering of phosphorus in the river between current and proposed conditions and therefore, no degradation.  

















































































































Appendix C





CORMIX Modeling of Phosphorus Plumes





Background


When DEQ considers authorizing a mixing zone that exceeds 25% of the volume of the receiving water, a mixing zone study may be performed to learn more about the effluent plume.  CORMIX is an EPA-supported model for the analysis of wastewater discharges. This study was prompted because the draft permit added a first time effluent limit for phosphorus that would require a mixing zone greater than 25%.





Treated effluent from the Sandpoint WWTP is discharged through a 3-foot diameter pipe laid on the bed of Pend Oreille River. The discharge pipe is positioned perpendicular to the riverbank in the vicinity of Birch Street and S. Ella Avenue in Sandpoint, Idaho. The pipe extends 925 feet into the river and is equipped with a 164-foot multiport diffuser. To put the flow values that are used in the modeling efforts into context, the average flow in the Pend Oreille River during July (1990-2012) was 26,396 cfs.  





Summer months are significant in that phosphorus from this discharge will be utilized by aquatic plants and algae which could adversely affect recreational uses of the river. As discussed in Appendix B, phosphorus is likely the limiting nutrient in the Pend Oreille River.  It fuels the growth of aquatic plants which can impair recreational use by obstructing boat operation, entangling swimmers, create cloudy and objectionable smelling water, and coating the bottom with slimy algae growths and/or dense mats of plants that preclude fishing. By definition, the area within a mixing zone exceeds the water quality standard and therefore could experience these issues.  Based on comments received from the first draft permit, some residents and river users indicate that this area of the river in the vicinity and downstream of the outfall already experience some adverse consequences due to excess phosphorus. DEQ has been supplied photos and monitoring data to support these claims. For these reasons, the mixing zone size is an important consideration that warrants closer examination.





In addition to being the growing season, summer is typically when low flow conditions can occur and are the most challenging for mixing effluent and meeting provisions of the Idaho WQS for mixing zones (IDAPA 58.01.02.060). Specifically, the mixing zone rules most challenging for this discharge include:





d. Mixing zones, individually or in combination with other mixing zones, shall not cause unreasonable interference with, or danger to, beneficial uses. Unreasonable interference with, or danger to, beneficial uses includes, but is not limited to, the following: (4-11-15)





vi. Conditions which impede or prohibit recreation in or on the water body. Mixing zones shall not be authorized for E. coli.





h. Mixing zones shall meet the following restrictions; provided, however, that the Department may


authorize mixing zones that vary from the restrictions under the circumstances set forth in Subsection 060.01.i. below:





i. For flowing waters: (4-11-15)





(1)The width of a mixing zone is not to exceed twenty-five percent (25%) of the stream width; and


(4-11-15)





(2)The mixing zone shall not include more than twenty-five percent (25%) of the low flow design discharge conditions as set forth in Subsection 210.03.b. of these rules. (4-11-15)





j. The following elements shall be considered when designing an outfall: (4-11-15)


i. Encourage rapid mixing to the extent possible. This may be done through careful location and


design of the outfall; and (4-11-15)





ii. Avoid shore-hugging plumes in those water bodies where the littoral zone is a major supply of food and cover for migrating fish and other aquatic life or where recreational activities are impacted by the plume. (4-11-15)





DEQ may authorize a mixing zone that varies from the above rules, however it must not cause an unreasonable interference with, or danger to, beneficial uses and must meet certain other rules. To obtain a larger mixing zone, the discharger must provide DEQ with an analysis that demonstrates a larger mixing zone is needed given, siting, technological, and managerial options (IDAPA 58.01.02.060.i.ii). In this case, the proposed mixing zone is 47.2% June-September and 60% October-May. The City of Sandpoint’s justification is available from DEQ upon request. 





River Features That Affect the Discharge


The Pend Oreille River is regulated by the Albani Falls dam located 27 river miles downstream of Sandpoint’s outfall and is operated by the Army Corps of Engineers. A summer pool is maintained after spring runoff until early September when Pend Oreille Lake and the Pend Oreille River above the dam are drawn down for power generation. At the point of discharge, the river is approximately 1.8 miles wide but approximately 1.3 miles downstream, the river narrows considerably. Upstream of the discharge, a mile-long earthen jetty extends from the north riverbank carrying US Highway 95 across the river. This jetty creates an opening of approximately 1.1 miles for river passage. The discharge is located in an area protected from the main river flow by the jetty (see Image 1).





[image: C:\Users\jbergqui\Documents\second backup June 2011\NPDES\Sandpoint\Overview of outfall and surrounding river.jpg]


Image 1 Sandpoint Outfall and Surrounding Features








The early CORMIX modeling scenarios completed in 2013 and referenced in the first draft certification for this permit used higher concentrations of phosphorus, a lower design flow of the WWTP, a stratified temperature profile, an assumption of river current, and a larger critical river flow.  The resulting plume from each of the CORMIX model runs was overlain on an aerial photo of the river as shown in Image 2. Site-specific information regarding the velocity of the river in the vicinity of the diffuser during various times of the summer was not available so estimates were made based on flow data elsewhere in the river and other available physical measurements. 








[image: ]


Image 2 Early CORMIX Modeling Scenario Phosphorus Concentration of 2867µg/L; 
Facility Design Flow of 3.62mgd and River Flow of 8,448cfs





In Image 2, the effluent plume, which is the area that exceeds background phosphorus concentrations, is shaded in green. Also, under this scenario, due to the lack of temperature stratification from the bottom to the surface of the river and an assumption that a weak current exists, the plume rises slowly and begins to spread out rather than rapidly moving downstream. The pattern of spread is subject to localized currents from various forces such as shape of the river, wind, rainfall, boat traffic, etc. The black arrows attempt to show where these localized currents might be located due to the shape of the river. The CORMIX model cannot predict the exact shape and size of this plume under these conditions so the green triangle shape could be highly altered depending on these localized currents. Higher river velocities would lessen the significance of localized currents. The plume extends almost bank to bank and there is a mile-long shore-hugging plume. 





As a result of the above modeling effort, it became apparent that site specific data would greatly help verify or change modeling assumptions.  There was also the additional challenge to develop effluent limits that accommodated the City’s desire for a 2mgd design flow increase and addressed public comment concerns about mixing zone size and the potential for adverse effects to river water quality.





In response to this need, DEQ collected additional data during the summer of 2015 and it was used to run both CORMIX and another model, CE-QUAL-W2, that can examine nutrient inputs to the river as a whole. This additional modeling effort using the CE-QUAL-W2 model is detailed in Appendix D of this certification. 





Results of the additional data collection and further examination of other data collection efforts indicated that flow at the diffuser location is limited largely to local phenomena rather than river flow (DEQ Staff Report 8-3-15). Temperature profiles also indicate a summertime uniform temperature in the diffuser area which inhibits mixing.  DEQ Staff Report dated 12-17-15 presents the outcome of mapping the river depths to determine the location of the river’s thalweg (low flow channel). Results indicate that in the vicinity of the outfall the river’s main flow closely follows the southern bank which is the opposite side of the river than the outfall and a distance of approximately 1.4 miles.  This reinforces initial observations that during lower flows, the outfall is in a slack water location. 





[image: C:\Users\jbergqui\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\Sandpoint summer TP plume2015.jpg]


Image 3 Revised CORMIX Modeling Scenario Phosphorus Concentrations of 1463µg/L and 1899µg/L; Facility Design Flow of 5mgd; River Flow of 6,640cfs





Image 3 illustrates the results of the CORMIX modeling effort that used the additional 2015 river data and a lower summertime phosphorus concentration of 1463µg/L (which is equivalent to the proposed permit limit of 61lbs/day from June-September).  It also examined the average weekly permit limit of 79 lbs/day (June-September) which is equivalent to a concentration of 1899µg/L. The green shaded area represents the average monthly limit mixing zone and the yellow shaded area represents an additional area of mixing allowed by the average weekly limit.  The red dotted line indicates that the mixing zone can pivot in any direction due to slack water at the diffuser location.  The shape of the mixing zone is also variable depending on wind direction and speed, boat traffic and localized currents.  The model also reflects a lower critical flow than shown in Image 2 based on comments from the Kalispel Tribe. 





In conclusion, existing conditions in the river indicate that the shape and size of the phosphorus plume created by the Sandpoint WWTP are not ideal. The point of discharge is in a slack water area and does not benefit from the main river flow during summer pool conditions.  Increasing the amount of phosphorus as illustrated in Image 2, even by a relatively small amount, greatly increases the size of the plume during low flow conditions. An increase is likely to be problematic for recreational uses and does not comply with DEQ’s mixing zone policy. 





After reducing phosphorus concentrations during the critical low flow time period from the first draft permit, modeling results as illustrated in Image 3 reduced shore hugging plumes and shows a more localized mixing zone.  These conditions better align with the mixing zone policy. Appendix D of this certification further investigates the effects of the proposed phosphorus limits on the river. 




















































































































Appendix D





CE-QUAL-W2 Phosphorus Modeling for Sandpoint WWTP





Background


In the 2008 Integrated Report, total phosphorus was added as a cause of impairment to the Pend Oreille River (the 31.8 mile long segment from Pend Oreille Lake to Priest River).  After collection of data throughout this river length in 2009, DEQ concluded that the river was not impaired due to this nutrient and phosphorus was removed as a pollutant in the 2010 Integrated Report.  DEQ also concluded at that time that the Pend Oreille River has little or no remaining assimilative capacity for phosphorus (2.7µg/L before considering any of the three municipal discharges into the Pend Oreille River. See discussion in Appendix B).  Ten percent of 2.7ug/L is only a 0.027ug/L of phosphorus that can be increased without an approved alternatives analysis and socioeconomic justification.  





DEQ also recognizes that effluent limits for phosphorus in the proposed permit are based on very little effluent data. The current permit only requires quarterly monitoring.  The quarters are based on the calendar year and the phosphorus monitoring data is reported on the last day of each quarter.  The discharge monitoring reports (DMRs) do not indicate the day the actual samples were collected or the effluent flow associated with that timeframe.  These factors can create a wide margin of error. 





Additional examination of the phosphorus monitoring data show that it is widely distributed (effluent flow 1 to 6.7mgd and concentrations from 0.8 to 5.33mg/L).  Reasons for this spread are not clear since there are not enough data to determine correlations. Determining exactly what amount of phosphorus is currently being discharged to ensure no further loss of assimilative capacity is problematic given this data. For this and the above reasons, DEQ and EPA have approached the new effluent limits for phosphorus cautiously using the previously discussed CORMIX modeling to examine mixing zone characteristics and following this with the CE-QUAL-WE modeling scenarios to look at effects downriver of the proposed phosphorus effluent limits.  Although the data is limited, there were some seasonal differences which allowed development of seasonal limits that reflect discharge amounts as reported on DMRs.  These seasonal limits were used for the CE-QUAL-W-2 modeling scenarios.





Modeling Approach


The CORMIX modeling (Appendix C of this certification) examined the near field area of the discharge.  A different type of model must be used to examine the future conditions further downstream.  Fortunately, a CE-QUAL-W-2 model, which can examine far field effects of a proposed discharge, had been developed by the Army Corps of Engineers to examine temperature changes as a result of the Albani Falls dam on the Pend Oreille River.  This model was revised in 2011by Portland State University to investigate various phosphorus scenarios in the river.  In 2015 it was used by EPA to investigate the consequences of the proposed phosphorus permit limits for Sandpoint. 





The initial modeling scenario examined the consequence of a 5mgd phosphorus discharge during the July-September timeframe of 61lbs/day (1.46 average monthly concentrations) contrasted with baseline conditions determined in 2009. Results of the model run were largely satisfactory except for periphyton biomass during the month of June.  During this timeframe, periphyton biomass significantly departed from the existing condition.  To improve the outcome of this timeframe, the month of June was included in the summertime seasonal timeframe with a limit of 61lbs/day.  This reduced the load of phosphorus in June from 96 lbs/day to 61 lbs/day. The model was re-run and the outcome was satisfactory and the effluent limits revised to reflect this reduction.  Below are graphs that illustrate the modeling results.  Existing periphyton conditions are indicated by the blue lines and proposed conditions are the green lines.  The 96 lbs/day of phosphorus in June scenario is on the left and the proposed permit limit of 61 lbs/day in June is on the right.   
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Conclusion


Because the phosphorus load in the river from this discharge, given the proposed limits, is approximately 23% of the total load in the river, this discharge has the potential for significant water quality effects.  As we have stated, current amounts of phosphorus discharged from the facility are an approximation due to lack of a robust dataset.  The proposed permit requires the collection of an adequate number of phosphorus samples to correct this problem. To compensate for the lack of data, modeling was completed, and as a result, effluent limits and critical flows were adjusted to provide an acceptable outcome.





























Appendix E


Arsenic, Zinc, Cyanide, Nickel Significance Test





Background
The Pend Oreille River is considered high quality for recreational uses.  To prevent the lowering of water quality with respect to arsenic, zinc, cyanide and nickel, DEQ must ensure that the design flow increase proposed by the Sandpoint WWTP draft permit does not decrease the remaining assimilative capacity of the river for each of these metals by more than ten percent, taking into account the size and character of the discharge and the magnitude of its effect on the receiving water (IDAPA 58.01.02.052.08.a).  


Assimilative capacity is determined by comparing the background (ambient) concentration of a pollutant with the Water Quality Standard (WQS or criteria).  The difference between these two numbers is the remaining assimilative capacity.  Arsenic, zinc, cyanide and nickel have criteria related to human health (IDAPA 58.01.02.210.01) and thus are considered recreational uses. However, zinc cyanide and nickel also have cold water aquatic life criteria and they are much lower values than their human health criteria.  Because cold water aquatic life in this waterbody receives Tier 1 protection, the more restrictive criteria must be used for this analysis.


Upstream data for these metals was extremely limited to absent.  Therefore, several conservative assumptions had to be made to complete this analysis.  Upstream monitoring of these metals has been included in the draft permit.  


Analysis


· Background concentrations upstream of the Sandpoint discharge for cyanide and nickel is assumed to be zero due to lack of data.  Arsenic and zinc were measured in the Clark Fork River below the Cabinet Gorge dam.  Results were arsenic ≤ 1 µg/L and zinc ranged from no detection to 80µg/L with an average of 4µg/L.  For this analysis zinc will be assumed to be the average value of the Clark Fork data due to the distance from the discharge and arsenic will be one half the detection limit or 0.5µg/L. To summarize background concentrations are:


Zinc 4µg/L	Arsenic 0.5µg/L	Cyanide 0µg/L	Nickel 0µg/L


· Remaining assimilative capacity and 10% of remaining assimilative capacity:


Zinc 72µg/L- 4µg/L = 68µg/L X .10 = 6.8µg/L


Arsenic 10µg/L – 0.5µg/L = 9.5µg/L X .10 = 0.95µg/L


Cyanide 5.2µg/L – 0 = 5.2µg/L X .10 = 0.5µg/L


Nickel 52µg/L – 0 = 52µg/L X .10 = 5µg/L


These values are the amount of metals that can be added to the river before the amount becomes significant. 


· Sandpoint proposes to increase their current design flow from 3 mgd (4.64 cfs) to 5.0 mgd (7.7 cfs).





· Effluent concentration 92nd percentile (from DMR data): 


Zinc 141µg/L


Arsenic 7µg/L


Cyanide 0.6µg/L


Nickel 0µg/L (no detection in DMR data 2001-2011) 


· In-river 7Q10 flow (critical low flow for chronic aquatic life criteria; see Revised Fact Sheet Appendix C) = 3,880 cfs


Results


Zinc Current Mixed Concentration = 4.16µg/L		Proposed Concentration=4.27µg/L


Arsenic Current Mixed Concentration = 0.508 µg/L		Proposed Concentration=0.512µg/L


Cyanide Current Mixed Concentration = 0.0007µg/L	Proposed Concentration=0.0012µg/L


Nickel Current Mixed Concentration = 0µg/L		Proposed Concentration = 0µg/L





The additional load of zinc will decrease the remaining assimilative capacity by 0.011µg/L or 0.16% of the remaining assimilative capacity of 6.8µg/L.


The additional load of arsenic will decrease the remaining assimilative capacity by 0.004µg/L or 0.42% of the remaining assimilative capacity of 0.95µg/L.


The additional load of cyanide will decrease the remaining assimilative capacity by 0.0005µg/L or 0.1% of the remaining assimilative capacity of 0.5µg/L.


There will be no additional load of nickel.


The additional load of zinc, arsenic, cyanide and nickel resulting from the design flow increase, will not exceed 10% of the remaining assimilative capacity for any of these pollutants, and considering the size and character of the discharge and the magnitude of its effect, these increases of pollutants are not a significant degradation of river water quality.  





Formula used to calculate mixed concentrations:


Mixed Concentration = Cm = [ (Ce * Qe)  +(Cu * Qu) ] / (Qe+Qu)


Where:


Cm = Mixed Concentration (µg/L) 
Ce = Effluent Concentration (µg/L) 
Qe = Effluent Volume (liters, calculated as flow rate in cfs * constant 28.316) 
Cu = Upstream concentration (µg/L) 
Qu = Upstream Volume (liters, calculated as flow rate in cfs * constant 28.316)








 	1











 	26





image1.png





image2.jpeg





image3.jpg





image4.jpeg





image5.emf


01234567050100150200250300350400Periphyton (gD/m2Julian DayScenario 2Scenario 1






image6.emf


01234567050100150200250300350400Periphyton (gD/m2Julian DayScenario 2.1Scenario 1











From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: RE: Sandpoint final cert timeline
Date: Monday, September 26, 2016 7:53:09 AM


Whoops, I made it sound like we were signing it now, just getting everyone to read it now and the
final edits will then go fast so once we get the final permit the cert can out the door quickly.


From: June Bergquist 
Sent: Thursday, September 22, 2016 8:42 AM
To: Brian Nickel (Nickel.Brian@epamail.epa.gov)
Cc: June Bergquist
Subject: Sandpoint final cert timeline
Hi Brian,
I have the final cert through legal and will send it up for signature tomorrow, here is a draft of it. The
only change in the CS is to allow two years for the determination of what option they want to select
but it did not add any time to either schedule, they are still either 5 years or 10 years. I still have to
check for final edit needs.
June








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: sandpoint WWTP permit
Date: Monday, November 21, 2016 2:48:02 PM


Hi Brian,
Just checking in to make sure you have what you need from us for the final permit for Sandpoint. I
got a bunch of work done on other projects so I am ready to turn back to Kootenai Ponderay Sewer
District. Hope all is going well.
June








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: RE: Sandpoint meeting
Date: Tuesday, June 14, 2016 3:26:35 PM


If we can focus at first on items that would interest you I would guess not more than an hour and a
half and then you could sign off.  I suspect we will be there longer. 
 


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Tuesday, June 14, 2016 3:22 PM
To: June Bergquist
Subject: RE: Sandpoint meeting
 
June:
 
How long do you expect the meeting will last?
 
Thanks,
 
Brian Nickel, E.I.T.
 
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice:  206-553-6251 | Toll Free:  800-424-4372 ext. 6251 | Fax:  206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.
 


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Tuesday, June 14, 2016 3:20 PM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Cc: Daniel.Redline@deq.idaho.gov
Subject: Sandpoint meeting
 
Hi Brian,
The meeting is in Sandpoint so we will provide you with call in information once we learn the
details.  The meeting is set for 9am.  Thanks again for taking time for this.
June








From: Nickel, Brian
To: June.Bergquist@deq.idaho.gov
Subject: RE: Sandpoint meeting
Date: Tuesday, June 14, 2016 3:21:00 PM


June:
 
How long do you expect the meeting will last?
 
Thanks,
 
Brian Nickel, E.I.T.
 
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice:  206-553-6251 | Toll Free:  800-424-4372 ext. 6251 | Fax:  206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.
 


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Tuesday, June 14, 2016 3:20 PM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Cc: Daniel.Redline@deq.idaho.gov
Subject: Sandpoint meeting
 
Hi Brian,
The meeting is in Sandpoint so we will provide you with call in information once we learn the
details.  The meeting is set for 9am.  Thanks again for taking time for this.
June








From: Nickel, Brian
To: June.Bergquist@deq.idaho.gov
Cc: Werntz, James; Lidgard, Michael; Poulsom, Susan
Subject: RE: Sandpoint meeting
Date: Tuesday, June 14, 2016 3:34:00 PM


June:
 
OK; I’ll set aside two hours just in case.
 
I think it might be helpful for me to be able to share my computer screen.  If a webinar is not already
planned, I can set one up.
 
Thanks,
 
Brian Nickel, E.I.T.
 
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice:  206-553-6251 | Toll Free:  800-424-4372 ext. 6251 | Fax:  206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.
 


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Tuesday, June 14, 2016 3:26 PM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: RE: Sandpoint meeting
 
If we can focus at first on items that would interest you I would guess not more than an hour and a
half and then you could sign off.  I suspect we will be there longer. 
 


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Tuesday, June 14, 2016 3:22 PM
To: June Bergquist
Subject: RE: Sandpoint meeting
 
June:
 
How long do you expect the meeting will last?
 
Thanks,
 
Brian Nickel, E.I.T.
 
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit







Voice:  206-553-6251 | Toll Free:  800-424-4372 ext. 6251 | Fax:  206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.
 


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Tuesday, June 14, 2016 3:20 PM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Cc: Daniel.Redline@deq.idaho.gov
Subject: Sandpoint meeting
 
Hi Brian,
The meeting is in Sandpoint so we will provide you with call in information once we learn the
details.  The meeting is set for 9am.  Thanks again for taking time for this.
June








From: Nickel, Brian
To: June.Bergquist@deq.idaho.gov
Subject: RE: Sandpoint permit and Director"s inquiry
Date: Friday, June 10, 2016 12:36:00 PM


June:
 
Interesting. As Obi-Wan Kenobi would say, that’s a limit I haven’t heard in a long time.
 
Thanks,
 
Brian Nickel, E.I.T.
 
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice:  206-553-6251 | Toll Free:  800-424-4372 ext. 6251 | Fax:  206-553-1280
Read my blog
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.
 


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Friday, June 10, 2016 12:31 PM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: Sandpoint permit and Director's inquiry
 
Hi Brian,
Just to update you, the Director stopped by before he left to meet with Senator Keough.  The
comment about EPA being easier to deal with than DEQ might boil down to Sandpoint comparing
the phosphorus limits in the preliminary draft permit from 2012 to their TP limits in the 2016 draft
permit.  They might be blaming DEQ involvement for the reductions to phosphorus ( from 100 to
61/96 lbs/day).  I’ll know more next week but I thought you might be interested. 








From: Brett M. Converse
To: Nickel, Brian
Cc: June Bergquist
Subject: RE: Sandpoint
Date: Monday, March 28, 2016 7:04:49 PM


Thanks Brian


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Monday, March 28, 2016 5:36 PM
To: Brett M. Converse 
Cc: June Bergquist 
Subject: RE: Sandpoint
Brett:
I have asked June Bergquist at Idaho DEQ to respond to your first question, since the authority to
authorize mixing zones rests with DEQ.
Regarding the issue of river data (ostensibly for pH and temperature) to inform the ammonia limit,
we issue permits based on the data that we have available. I think the temperature of the river is
reasonably well-characterized, and additional data would not be likely to move the needle much (at
least not for the summertime).
I was only able to gather 20 results for pH from this century, including data collected by the City in
2002, by IDEQ in 2009, and by Pend Oreille Waterkeeper from 2013 – 2015 (see attached). As we
have discussed in the past, Pend Oreille Waterkeeper does follow a quality assurance plan when
they collect river samples. That’s less data than I’d like to have, however, I don’t think 20 samples is
an unreasonably small data set. The limits are being driven by three pH results of 9.0 standard units
in 2013. Since the available pH data set is relatively small, collecting additional pH data near the
outfall could potentially demonstrate that a lower pH should be used to calculate criteria. If you
want that data to influence this current permitting process, then I suggest you start collecting data
soon, so that you can provide these data to us during the upcoming public comment period.
Data collected during the term of the new permit could also be considered, but the proper way to do
that would be with a permit modification. We would have to allow for public comment on the use of
new data to revise an effluent limit.
When you say “RPA number,” are you referring to the reasonable potential multiplying factor? The
reasonable potential analysis for ammonia is based on 120 ammonia results taken over the life of
the prior permit, and the reasonable potential multiplying factor is 1.24. That is to say, in the
reasonable potential analysis, we’re assuming that the maximum concentration of ammonia could
be 24% higher than the maximum concentration that was measured. I believe that value is, in fact,
“realistic.” We have a good amount of data for effluent ammonia, and, as such, we don’t have a
large reasonable potential multiplying factor.
Idaho’s water quality criteria for ammonia apply statewide, not just in areas where there is prime
fish habitat. Furthermore, some of the species that are sensitive to ammonia aren’t even fish;
they’re invertebrates.
The chronic dilution ratio is greater than 100:1 (128:1, to be exact), however, the acute dilution
factor (which is the actual basis for the limits) is only 48:1. Even if the acute mixing zone were 25% of
the 1-day, 10-year low flow of the river, that would only result in 79:1 dilution. If both the acute and
chronic dilution factors were greater than 100:1, I would agree with you that mass limits for
ammonia would be acceptable, but that is not the case.







I had heard that Kody retired. I believe Paul Klatt told me that when I spoke to him at the Spokane
River Forum conference last week.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-0165
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Brett M. Converse [mailto:bconverse@jub.com] 
Sent: Monday, March 28, 2016 4:16 PM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: Sandpoint
Hi Brian:
I understand the goal is to limit Sandpoint’s P discharge to about what it is today, which I expect and
to which the City agreed when discussing the “voluntary nutrient reduction program” to keep the
river from being listed and in general to be good stewards. What I don’t agree with is meeting that
goal through a mixing zone. The mixing zone method is going to set a methodology in Idaho that will
have significant impacts to other cities. So we are ok with the limit but not the mixing zone
methodology. Since it seemed at one time (since the river was 303d listed) the river is getting close
to being impacted by P, why can some form of the anti-degradation rule be use to limit the P
discharge to about what it historically has been? It seems this would be protective and the limit
would be based on a rule we can understand. The mixing zone would have to be granted to us every
time the permit is issued and therefore could be taken away. A Load based on anti-degradation
could not so easily be taken away unless the river got listed and a TMDL done.
Regarding ammonia: Since we’ll need a compliance schedule, is it possible to have a limit in the
permit based on collecting better river data. I’d like the city to be able to start collecting a lot of data
(near the outfall) regarding pH and temp and ammonia to more adequately access the need for an
ammonia limit. Also to statistically narrow the error band to get a realistic RPA number. And I
wonder about the biological assessment for that area of river and just what life the City is protecting.
It will take a lot of energy to protect that mud. And since we still have a dilution ratio greater than
100:1, I think we should be given a mass limit only and not a concentration limit.
Have you heard that Kody retired? Ryan Luttmann is now the City’s Public Work’s Director.
Regards
Brett
This e-mail and any attachments involving J-U-B or a subsidiary business may contain
information that is confidential and/or proprietary. Prior to use, you agree to the provisions
found at edocs.jub.com. If you believe you received this email in error, please reply to that
effect and then delete all copies.
This e-mail and any attachments involving J-U-B or a subsidiary business may contain
information that is confidential and/or proprietary. Prior to use, you agree to the provisions
found at edocs.jub.com. If you believe you received this email in error, please reply to that
effect and then delete all copies.








From: Nickel, Brian
To: "Brett M. Converse"
Cc: June Bergquist
Subject: RE: Sandpoint
Date: Monday, March 28, 2016 5:35:00 PM
Attachments: Data for EPA Edited.xlsx


Brett:
I have asked June Bergquist at Idaho DEQ to respond to your first question, since the authority to
authorize mixing zones rests with DEQ.
Regarding the issue of river data (ostensibly for pH and temperature) to inform the ammonia limit,
we issue permits based on the data that we have available. I think the temperature of the river is
reasonably well-characterized, and additional data would not be likely to move the needle much (at
least not for the summertime).
I was only able to gather 20 results for pH from this century, including data collected by the City in
2002, by IDEQ in 2009, and by Pend Oreille Waterkeeper from 2013 – 2015 (see attached). As we
have discussed in the past, Pend Oreille Waterkeeper does follow a quality assurance plan when
they collect river samples. That’s less data than I’d like to have, however, I don’t think 20 samples is
an unreasonably small data set. The limits are being driven by three pH results of 9.0 standard units
in 2013. Since the available pH data set is relatively small, collecting additional pH data near the
outfall could potentially demonstrate that a lower pH should be used to calculate criteria. If you
want that data to influence this current permitting process, then I suggest you start collecting data
soon, so that you can provide these data to us during the upcoming public comment period.
Data collected during the term of the new permit could also be considered, but the proper way to do
that would be with a permit modification. We would have to allow for public comment on the use of
new data to revise an effluent limit.
When you say “RPA number,” are you referring to the reasonable potential multiplying factor? The
reasonable potential analysis for ammonia is based on 120 ammonia results taken over the life of
the prior permit, and the reasonable potential multiplying factor is 1.24. That is to say, in the
reasonable potential analysis, we’re assuming that the maximum concentration of ammonia could
be 24% higher than the maximum concentration that was measured. I believe that value is, in fact,
“realistic.” We have a good amount of data for effluent ammonia, and, as such, we don’t have a
large reasonable potential multiplying factor.
Idaho’s water quality criteria for ammonia apply statewide, not just in areas where there is prime
fish habitat. Furthermore, some of the species that are sensitive to ammonia aren’t even fish;
they’re invertebrates.
The chronic dilution ratio is greater than 100:1 (128:1, to be exact), however, the acute dilution
factor (which is the actual basis for the limits) is only 48:1. Even if the acute mixing zone were 25% of
the 1-day, 10-year low flow of the river, that would only result in 79:1 dilution. If both the acute and
chronic dilution factors were greater than 100:1, I would agree with you that mass limits for
ammonia would be acceptable, but that is not the case.
I had heard that Kody retired. I believe Paul Klatt told me that when I spoke to him at the Spokane
River Forum conference last week.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
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Sheet1


			pH - Sandpoint WWO


						2012			2013			2014			2015						Note: LPOW did not start measuring pH until 2013.


			June						9			7.5			8


			July						9			8.4			8


			Aug						9			8.5			8.5


			Sept						8.5			8.5			8


			Oct						8.5			7.5			8





			Water Temp - Sandpoint WWO (C)																		Note: In 2012, our first month of monitoring was July


						2012			2013			2014			2015


			June						19			15			nd


			July			22			21.5			22.5			22.5


			Aug			26			22			23.5			22.5


			Sept			17.5			ND			17			16


			Oct			14.5			13			13.5			14





			Total Phosphorus - City Beach (mg/L)																		Note: The City Beach station was added to our monitoring program in 2013


						2012			2013			2014			2015


			June						0.0054			0.0088			0.0084


			July						0.0083			0.0472			0.0102


			Aug						0.0046			0.0078			0.0098


			Sept						0.0052			0.0084			0.0121


			Oct						0.0105			0.0111			0.01





			Total Phosphorus - Sandpoint WWO (mg/L)																		Note: I know that this wasn't specifically requested, but thought it could be useful. In 2012, our first month of monitoring was July


						2012			2013			2014			2015


			June						0.306			0.0097			0.0592


			July			0.0084			0.0184			0.021			0.0679


			Aug			0.037			0.0903			0.0564			0.0448


			Sept			0.0352			0.0287			0.0163			0.0136


			Oct			0.0232			0.778			0.0374			0.0191








pH & T


			Date			pH			T (*C)			Source


			7/2/02			8.1			17.7			City of Sandpoint


			8/6/02			7.5			20.3			City of Sandpoint


			9/3/02			8.2			20.3			City of Sandpoint


			8/13/05						21.4			IDEQ


			8/14/05						21.0			IDEQ


			8/15/05						21.1			IDEQ


			8/16/05						21.3			IDEQ


			8/17/05						20.9			IDEQ


			8/18/05						20.6			IDEQ


			8/19/05						20.7			IDEQ


			8/20/05						20.9			IDEQ


			8/21/05						21.0			IDEQ


			8/22/05						21.2			IDEQ


			8/23/05						20.6			IDEQ


			8/24/05						20.5			IDEQ


			8/25/05						20.3			IDEQ


			8/26/05						20.5			IDEQ


			8/27/05						20.6			IDEQ


			8/28/05						20.6			IDEQ


			8/29/05						20.2			IDEQ


			8/30/05						19.7			IDEQ


			8/31/05						19.7			IDEQ


			9/1/05						19.8			IDEQ


			9/2/05						19.6			IDEQ


			9/3/05						19.7			IDEQ


			9/4/05						19.4			IDEQ


			9/5/05						19.3			IDEQ


			9/6/05						19.1			IDEQ


			9/7/05						18.9			IDEQ


			9/8/05						18.9			IDEQ


			9/9/05						18.9			IDEQ


			9/10/05						18.2			IDEQ


			9/11/05						17.5			IDEQ


			9/12/05						17.4			IDEQ


			9/13/05						17.4			IDEQ


			9/14/05						17.3			IDEQ


			9/15/05						17.4			IDEQ


			9/16/05						17.3			IDEQ


			9/17/05						17.3			IDEQ


			9/18/05						17.2			IDEQ


			9/19/05						17.2			IDEQ


			9/20/05						17.1			IDEQ


			9/21/05						17.0			IDEQ


			9/22/05						16.7			IDEQ


			9/23/05						16.4			IDEQ


			6/11/09			8.21			12.2			IDEQ


			9/22/09			8.44			18.5			IDEQ


			Jul-12						22			PDO Waterkeeper


			Aug-12						26			PDO Waterkeeper


			Sep-12						17.5			PDO Waterkeeper


			Oct-12						14.5			PDO Waterkeeper


			Jun-13			9			19			PDO Waterkeeper


			Jul-13			9			21.5			PDO Waterkeeper


			Aug-13			9			22			PDO Waterkeeper


			Sep-13			8.5						PDO Waterkeeper


			Oct-13			8.5			13			PDO Waterkeeper


			Jun-14			7.5			15			PDO Waterkeeper


			Jul-14			8.4			22.5			PDO Waterkeeper


			Aug-14			8.5			23.5			PDO Waterkeeper


			Sep-14			8.5			17			PDO Waterkeeper


			Oct-14			7.5			13.5			PDO Waterkeeper


			Jun-15			8						PDO Waterkeeper


			Jul-15			8			22.5			PDO Waterkeeper


			Aug-15			8.5			22.5			PDO Waterkeeper


			Sep-15			8			16			PDO Waterkeeper


			Oct-15			8			14			PDO Waterkeeper


			95th Percentile			9			22.5


			Count			20			64








pH & T Pivot


			Row Labels			Max of pH			Count of pH			Max of T (*C)			Count of T (*C)


			Jun			9			4			19			3


			Jul			9			4			22.5			5


			Aug			9			4			26			24


			Sep			8.5			5			20.3			28


			Oct			8.5			3			14.5			4


			Grand Total			9			20			26			64








IDEQ 2009 pH & T at RRB 


			pH						Temperature (*C)


			6/11/09			9/22/09			6/11/09			9/22/09


			8.43			8.44			13.8			18.52


			8.42			8.44			13.62			18.48


			8.45			8.44			13.57			18.45


			8.36			8.43			13.18			18.44


			8.15			8.42			12.41			18.43


			8.09			8.44			11.35			18.42


			8.06			8.46			11.19			18.42


			8.04						11.05


			8.05						11.04


			8.06						11.03


			8.211			8.4385714286			12.224			18.4514285714








IDEQ 2005 Temp


			Row Labels			Average of 174818  (*C)			Average of 125177 (*C)			Average of 125208 (*C)			Depth Average


			8/13/05			21.38			21.7066666667			21.2466666667			21.4444444444


			8/14/05			20.95			21.2583333333			20.85			21.0194444444


			8/15/05			21.05			21.325			20.9666666667			21.1138888889


			8/16/05			21.2166666667			21.4875			21.2			21.3013888889


			8/17/05			20.7333333333			21.0666666667			20.7791666667			20.8597222222


			8/18/05			20.4833333333			20.8458333333			20.45			20.5930555556


			8/19/05			20.6125			20.8625			20.5958333333			20.6902777778


			8/20/05			20.8041666667			21.0583333333			20.725			20.8625


			8/21/05			20.8666666667			21.2041666667			20.8			20.9569444444


			8/22/05			21.1166666667			21.3333333333			21.1			21.1833333333


			8/23/05			20.5541666667			20.7416666667			20.5333333333			20.6097222222


			8/24/05			20.4125			20.5666666667			20.3791666667			20.4527777778


			8/25/05			20.3375			20.4541666667			20.225			20.3388888889


			8/26/05			20.4375			20.5958333333			20.3416666667			20.4583333333


			8/27/05			20.5291666667			20.75			20.4458333333			20.575


			8/28/05			20.525			20.7958333333			20.5416666667			20.6208333333


			8/29/05			20.0583333333			20.3291666667			20.075			20.1541666667


			8/30/05			19.6333333333			19.8916666667			19.6166666667			19.7138888889


			8/31/05			19.6333333333			19.8041666667			19.6333333333			19.6902777778


			9/1/05			19.7125			19.9041666667			19.6666666667			19.7611111111


			9/2/05			19.6166666667			19.6666666667			19.55			19.6111111111


			9/3/05			19.6666666667			19.7125			19.6333333333			19.6708333333


			9/4/05			19.45			19.4833333333			19.4			19.4444444444


			9/5/05			19.3			19.3625			19.25			19.3041666667


			9/6/05			19.0833333333			19.15			19			19.0777777778


			9/7/05			18.9333333333			19.0166666667			18.8833333333			18.9444444444


			9/8/05			18.8166666667			19.0166666667			18.8166666667			18.8833333333


			9/9/05			18.8833333333			18.9333333333			18.8			18.8722222222


			9/10/05			18.1833333333			18.15			18.1333333333			18.1555555556


			9/11/05			17.5166666667			17.5166666667			17.5			17.5111111111


			9/12/05			17.4			17.4			17.4			17.4


			9/13/05			17.375			17.4375			17.325			17.3791666667


			9/14/05			17.3458333333			17.4333333333			17.25			17.3430555556


			9/15/05			17.3291666667			17.4416666667			17.3416666667			17.3708333333


			9/16/05			17.3125			17.3125			17.2375			17.2875


			9/17/05			17.2375			17.3			17.2375			17.2583333333


			9/18/05			17.225			17.25			17.1625			17.2125


			9/19/05			17.2125			17.1916666667			17.15			17.1847222222


			9/20/05			17.1666666667			17.1083333333			17.0458333333			17.1069444444


			9/21/05			16.975			16.9708333333			16.9166666667			16.9541666667


			9/22/05			16.7666666667			16.75			16.6666666667			16.7277777778


			9/23/05			16.4			16.45			16.4			16.4166666667












Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-0165
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Brett M. Converse [mailto:bconverse@jub.com] 
Sent: Monday, March 28, 2016 4:16 PM
To: Nickel, Brian 
Subject: Sandpoint
Hi Brian:
I understand the goal is to limit Sandpoint’s P discharge to about what it is today, which I expect and
to which the City agreed when discussing the “voluntary nutrient reduction program” to keep the
river from being listed and in general to be good stewards. What I don’t agree with is meeting that
goal through a mixing zone. The mixing zone method is going to set a methodology in Idaho that will
have significant impacts to other cities. So we are ok with the limit but not the mixing zone
methodology. Since it seemed at one time (since the river was 303d listed) the river is getting close
to being impacted by P, why can some form of the anti-degradation rule be use to limit the P
discharge to about what it historically has been? It seems this would be protective and the limit
would be based on a rule we can understand. The mixing zone would have to be granted to us every
time the permit is issued and therefore could be taken away. A Load based on anti-degradation
could not so easily be taken away unless the river got listed and a TMDL done.
Regarding ammonia: Since we’ll need a compliance schedule, is it possible to have a limit in the
permit based on collecting better river data. I’d like the city to be able to start collecting a lot of data
(near the outfall) regarding pH and temp and ammonia to more adequately access the need for an
ammonia limit. Also to statistically narrow the error band to get a realistic RPA number. And I
wonder about the biological assessment for that area of river and just what life the City is protecting.
It will take a lot of energy to protect that mud. And since we still have a dilution ratio greater than
100:1, I think we should be given a mass limit only and not a concentration limit.
Have you heard that Kody retired? Ryan Luttmann is now the City’s Public Work’s Director.
Regards
Brett
This e-mail and any attachments involving J-U-B or a subsidiary business may contain
information that is confidential and/or proprietary. Prior to use, you agree to the provisions
found at edocs.jub.com. If you believe you received this email in error, please reply to that
effect and then delete all copies.
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From: June.Bergquist@deq.idaho.gov
To: bconverse@jub.com
Cc: Nickel, Brian
Subject: RE: Sandpoint
Date: Tuesday, April 05, 2016 8:08:25 AM


Hi Brett,
To answer your questions regarding the need for mixing zones and how they are determined it
might be helpful to review our new rules on this topic at IDAPA 58.01.02.060. They were finalized 4-
11-15.
The design flow increase proposed by City of Sandpoint must be used to determine if water quality
standards will be exceeded, and if the mixing zone and antidegradation policies are met. The
requested 3 to 5MGD design flow increase is a substantial increase in pollutant loading and requires
careful consideration. As you are aware when DEQ considered the Southside Sewer proposed
discharge in 2010, the river was listed as impaired due to phosphorus. After further study, the river
was delisted with the caveat that it has no remaining assimilative capacity for nutrients. To further
complicate the situation as we have discussed before, Sandpoint’s outfall is in a slack water area and
creates a shore hugging plume at times during the year and the phosphorus mixing zone far exceeds
the 25% authorized by rule.
The mixing zone methodology used for the antidegradation analysis in the draft certification
(Appendix B) is the methodology used statewide (see DEQ draft Antidegradation Guidance
http://www.deq.idaho.gov/media/792352-antidegradation-implementation-procedures-draft-
0112.pdf ). Modeling was used to verify that water quality standards are met and that no further
degradation would occur. Downstream state water quality impairments, ESA considerations, and
Tribal concerns added to this complexity.
Estimates of phosphorus discharged by the facility was based on quarterly data collected by the
facility, more data would have been helpful.
Hopefully I have addressed your concerns and questions. Please give me a call if you would like to
discuss it further, or if there is a section in the certification that could be made more clear I can try
to reword it. Sometimes between the legal language requirements and the modeling jargon it gets a
bit obscure.
June
June Bergquist
Regional Water Quality Compliance Officer
Idaho Department of Environmental Quality
Coeur d’Alene Regional Office
2110 Ironwood Parkway
Coeur d’Alene ID 83814
Phone: (208)666-4605


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Monday, March 28, 2016 5:36 PM
To: Brett M. Converse
Cc: June Bergquist
Subject: RE: Sandpoint
Brett:
I have asked June Bergquist at Idaho DEQ to respond to your first question, since the authority to
authorize mixing zones rests with DEQ.
Regarding the issue of river data (ostensibly for pH and temperature) to inform the ammonia limit,







we issue permits based on the data that we have available. I think the temperature of the river is
reasonably well-characterized, and additional data would not be likely to move the needle much (at
least not for the summertime).
I was only able to gather 20 results for pH from this century, including data collected by the City in
2002, by IDEQ in 2009, and by Pend Oreille Waterkeeper from 2013 – 2015 (see attached). As we
have discussed in the past, Pend Oreille Waterkeeper does follow a quality assurance plan when
they collect river samples. That’s less data than I’d like to have, however, I don’t think 20 samples is
an unreasonably small data set. The limits are being driven by three pH results of 9.0 standard units
in 2013. Since the available pH data set is relatively small, collecting additional pH data near the
outfall could potentially demonstrate that a lower pH should be used to calculate criteria. If you
want that data to influence this current permitting process, then I suggest you start collecting data
soon, so that you can provide these data to us during the upcoming public comment period.
Data collected during the term of the new permit could also be considered, but the proper way to do
that would be with a permit modification. We would have to allow for public comment on the use of
new data to revise an effluent limit.
When you say “RPA number,” are you referring to the reasonable potential multiplying factor? The
reasonable potential analysis for ammonia is based on 120 ammonia results taken over the life of
the prior permit, and the reasonable potential multiplying factor is 1.24. That is to say, in the
reasonable potential analysis, we’re assuming that the maximum concentration of ammonia could
be 24% higher than the maximum concentration that was measured. I believe that value is, in fact,
“realistic.” We have a good amount of data for effluent ammonia, and, as such, we don’t have a
large reasonable potential multiplying factor.
Idaho’s water quality criteria for ammonia apply statewide, not just in areas where there is prime
fish habitat. Furthermore, some of the species that are sensitive to ammonia aren’t even fish;
they’re invertebrates.
The chronic dilution ratio is greater than 100:1 (128:1, to be exact), however, the acute dilution
factor (which is the actual basis for the limits) is only 48:1. Even if the acute mixing zone were 25% of
the 1-day, 10-year low flow of the river, that would only result in 79:1 dilution. If both the acute and
chronic dilution factors were greater than 100:1, I would agree with you that mass limits for
ammonia would be acceptable, but that is not the case.
I had heard that Kody retired. I believe Paul Klatt told me that when I spoke to him at the Spokane
River Forum conference last week.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-0165
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Brett M. Converse [mailto:bconverse@jub.com] 
Sent: Monday, March 28, 2016 4:16 PM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: Sandpoint
Hi Brian:







I understand the goal is to limit Sandpoint’s P discharge to about what it is today, which I expect and
to which the City agreed when discussing the “voluntary nutrient reduction program” to keep the
river from being listed and in general to be good stewards. What I don’t agree with is meeting that
goal through a mixing zone. The mixing zone method is going to set a methodology in Idaho that will
have significant impacts to other cities. So we are ok with the limit but not the mixing zone
methodology. Since it seemed at one time (since the river was 303d listed) the river is getting close
to being impacted by P, why can some form of the anti-degradation rule be use to limit the P
discharge to about what it historically has been? It seems this would be protective and the limit
would be based on a rule we can understand. The mixing zone would have to be granted to us every
time the permit is issued and therefore could be taken away. A Load based on anti-degradation
could not so easily be taken away unless the river got listed and a TMDL done.
Regarding ammonia: Since we’ll need a compliance schedule, is it possible to have a limit in the
permit based on collecting better river data. I’d like the city to be able to start collecting a lot of data
(near the outfall) regarding pH and temp and ammonia to more adequately access the need for an
ammonia limit. Also to statistically narrow the error band to get a realistic RPA number. And I
wonder about the biological assessment for that area of river and just what life the City is protecting.
It will take a lot of energy to protect that mud. And since we still have a dilution ratio greater than
100:1, I think we should be given a mass limit only and not a concentration limit.
Have you heard that Kody retired? Ryan Luttmann is now the City’s Public Work’s Director.
Regards
Brett
This e-mail and any attachments involving J-U-B or a subsidiary business may contain
information that is confidential and/or proprietary. Prior to use, you agree to the provisions
found at edocs.jub.com. If you believe you received this email in error, please reply to that
effect and then delete all copies.








From: Nickel, Brian
To: "Mark.Shumar@deq.idaho.gov"
Cc: "June.Bergquist@deq.idaho.gov"
Subject: RE: cormix
Date: Monday, August 15, 2016 3:26:00 PM


Mark:
Unfortunately, I don’t think this is quite what I’m looking for. These input files have the ambient flow
co-flowing with the diffuser ports; they don’t use the funny angles that were measured in the field


and that you were asking me about in your e-mail of October 5th, 2015. The one prediction file you
sent to me had a time stamp of September 4, 2015, which was before our discussion at the
beginning of this thread.
As far as I can tell, the modeling that’s described in Appendix D to the February 2016 revised draft
certification would have been done in October 2015 or later.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Mark.Shumar@deq.idaho.gov [mailto:Mark.Shumar@deq.idaho.gov] 
Sent: Thursday, August 11, 2016 4:14 PM
To: Nickel, Brian 
Cc: June.Bergquist@deq.idaho.gov
Subject: RE: cormix
Brian,
I think it is these files. But, it has been a while since I looked at any of this stuff.


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Thursday, August 11, 2016 3:47 PM
To: Mark Shumar
Subject: RE: cormix
Mark:
Would you please send to me the input and prediction files (and other output files if you have them)
for the Cormix modeling that is described in Appendix D to the February 2016 revised draft
certification for the City of Sandpoint (attached for your reference)? I’m referring to the model runs
that use the velocity that was measured in the field, as opposed to the estimated velocity that was
used in the earlier runs.
I’d ask June in the Coeur d’Alene office, but she’s currently out.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm







Please conserve natural resources by not printing this message.


From: Mark.Shumar@deq.idaho.gov [mailto:Mark.Shumar@deq.idaho.gov] 
Sent: Monday, October 05, 2015 9:37 AM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: cormix
Brian, thanks for the call back. I knew that the angles were creating something different for the
endpoint values. I did not think of using cor-spy, that was a good idea. I happened to see your
diffuser endpoint values on your Figure 1 before you called and was able to get it to run. Thanks for
figuring that stuff out.
Mark L. Shumar
TMDL Specialist and Plant Ecologist
State Technical Services Office
Idaho Department of Environmental Quality
1410 N. Hilton St., Boise, ID 83706
208-373-0132 (v) 208-373-0143 (f)
Mark.Shumar@deq.idaho.gov








From: Mark.Shumar@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov
Subject: RE: cormix
Date: Thursday, August 11, 2016 4:13:44 PM
Attachments: sdpt_unbound.cmx


sdpt_unbound.prd
sdpt_unbound2.cmx


Brian,
I think it is these files. But, it has been a while since I looked at any of this stuff.


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Thursday, August 11, 2016 3:47 PM
To: Mark Shumar
Subject: RE: cormix
Mark:
Would you please send to me the input and prediction files (and other output files if you have them)
for the Cormix modeling that is described in Appendix D to the February 2016 revised draft
certification for the City of Sandpoint (attached for your reference)? I’m referring to the model runs
that use the velocity that was measured in the field, as opposed to the estimated velocity that was
used in the earlier runs.
I’d ask June in the Coeur d’Alene office, but she’s currently out.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Mark.Shumar@deq.idaho.gov [mailto:Mark.Shumar@deq.idaho.gov] 
Sent: Monday, October 05, 2015 9:37 AM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: cormix
Brian, thanks for the call back. I knew that the angles were creating something different for the
endpoint values. I did not think of using cor-spy, that was a good idea. I happened to see your
diffuser endpoint values on your Figure 1 before you called and was able to get it to run. Thanks for
figuring that stuff out.
Mark L. Shumar
TMDL Specialist and Plant Ecologist
State Technical Services Office
Idaho Department of Environmental Quality
1410 N. Hilton St., Boise, ID 83706
208-373-0132 (v) 208-373-0143 (f)
Mark.Shumar@deq.idaho.gov
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CORMIX2 PREDICTION FILE:
22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222
                       CORMIX MIXING ZONE EXPERT SYSTEM
               Subsystem CORMIX2: Multiport Diffuser Discharges
                             CORMIX Version 9.0GTD                   
                     HYDRO2 Version 9.0.0.0 September 2014   
----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------
CASE DESCRIPTION
 Site name/label:                                                          
 Design case:                                                              
 FILE NAME:         C:\...CH\WATER\401certs\sandpoint 2013\sdpt_unbound.prd
 Time stamp:        Fri Sep  4 11:00:48 2015
 
ENVIRONMENT PARAMETERS (metric units)
 Unbounded section
 HA    =      4.57  HD    =      4.27
 UA    =      0.061 F     =      0.118 USTAR =0.7411E-02
 UW    =      2.000 UWSTAR=0.2198E-02
 Density stratified environment
 STRCND=  A         RHOAM =  997.9883
 RHOAS =  997.7714  RHOAB =  998.2051  RHOAH0=  998.1635  E     =0.9985E-03
 
DIFFUSER DISCHARGE PARAMETERS (metric units)
 Diffuser type:     DITYPE= unidirectional_perpendicular            
 BANK  =  RIGHT     DISTB =    255.73  YB1   =    230.73  YB2   =    280.72
 LD    =     49.99  NOPEN =   41       SPAC  =      1.25
 D0    =      0.076 A0    =      0.005 H0    =      0.41  SUB0  =      3.86
 D0INP =      0.076 CR0   =      1.000
 Nozzle/port arrangement:   unidirectional_without_fanning          
 GAMMA =     90.00  THETA =      0.00  SIGMA =      0.00  BETA  =     90.00
 U0    =      0.833 Q0    =      0.156       =0.1557E+00
 RHO0  =  997.9934  DRHO0 =0.1700E+00  GP0   =0.1671E-02
 C0    =0.3760E+02  CUNITS=  mg/l                          
 IPOLL =  1         KS    =0.0000E+00  KD    =0.0000E+00
 
FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (metric units)
 q0    =0.3115E-02  m0    =0.2595E-02  j0    =0.5205E-05  SIGNJ0=      1.0
 Associated 2-d length scales (meters)
 lQ=B  =      0.004 lM    =      8.62  lm    =      0.70
 lmp   =      1.37  lbp   =      0.55  la    =      1.93
 
FLUX VARIABLES - ENTIRE DIFFUSER (metric units)
 Q0    =0.1557E+00  M0    =0.1297E+00  J0    =0.2602E-03
 Associated 3-d length scales (meters)
 LQ    =      0.07  LM    =     13.40  Lm    =      5.91  Lb    =      1.15
                                       Lmp   =      3.38  Lbp   =      1.69
 
NON-DIMENSIONAL PARAMETERS
 FR0   =    333.25  FRD0  =     73.83  R     =     13.66  PL    =    9.24
 (slot)             (port/nozzle)
 
RECOMPUTED SOURCE CONDITIONS FOR RISER GROUPS:
 Properties of riser group with  1 ports/nozzles each:
 U0    =      0.833 D0    =      0.076 A0    =      0.005 THETA =      0.00
 FR0   =    333.25  FRD0  =     73.83  R     =     13.66
 (slot)             (riser group)
 
FLOW CLASSIFICATION
 222222222222222222222222222222222222222222
 2  Flow class (CORMIX2)      =    MS1    2  
 2  Applicable layer depth HS =     4.27  2
 222222222222222222222222222222222222222222
 
MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS
 C0    =0.3760E+02  CUNITS=  mg/l                          
 NTOX  =  1         CMC   =0.8800E+00  CCC   =  CSTD
 NSTD  =  1         CSTD  =0.3000E+00
 REGMZ =  0
 XINT  =  10000.00  XMAX  =  10000.00
 
X-Y-Z COORDINATE SYSTEM:
    ORIGIN is located at the bottom and the diffuser mid-point:
       255.73 m  from the RIGHT bank/shore.
    X-axis points downstream, Y-axis points to left, Z-axis points upward.
NSTEP =  50 display intervals per module
----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE (SINGLE PORT AT DIFFUSER CENTER)               
 
       X        Y       Z        S       C       BV       BH       Uc        TT
      0.00     0.00    0.41     1.0 0.376E+02   0.04     0.04     0.772   .00000E+00
 
END OF MOD101: DISCHARGE MODULE (SINGLE PORT AT DIFFUSER CENTER)              
----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION                     
 
 Jet-like motion in linear stratification with strong crossflow.
  
 Zone of flow establishment:            THETAE=      0.00  SIGMAE=      0.00
  LE    =      0.38  XE    =      0.38  YE    =      0.00  ZE    =      0.41
  
 Profile definitions:
   BV = Gaussian 1/e (37%) half-width, in vertical plane normal to trajectory
   BH = before merging: Gaussian 1/e (37%) half-width in horizontal plane
                        normal to trajectory
        after merging:  top-hat half-width in horizontal plane
                        parallel to diffuser line
   S  = hydrodynamic centerline dilution
   C  = centerline concentration (includes reaction effects, if any)
   Uc = Local centerline excess velocity (above ambient)
   TT = Cumulative travel time
 
       X        Y       Z        S       C       BV       BH       Uc        TT
  Individual jet/plumes before merging:
      0.38     0.00    0.41     1.0 0.376E+02   0.04     0.04     0.772   .00000E+00
      0.38     0.00    0.41     1.0 0.376E+02   0.04     0.04     0.772   .33807E-02
      0.92     0.00    0.41     2.2 0.174E+02   0.09     0.09     0.428   .80219E+00
      1.45     0.00    0.41     3.5 0.108E+02   0.13     0.13     0.269   .21670E+01
      1.99     0.00    0.42     4.9 0.773E+01   0.17     0.17     0.197   .40348E+01
      2.52     0.00    0.42     6.2 0.604E+01   0.20     0.20     0.155   .63151E+01
      3.06     0.00    0.42     7.6 0.495E+01   0.24     0.24     0.129   .89859E+01
      3.60     0.00    0.42     8.9 0.420E+01   0.27     0.27     0.110   .11966E+02
      4.13     0.00    0.42    10.3 0.365E+01   0.29     0.29     0.096   .15236E+02
      4.67     0.00    0.42    11.6 0.323E+01   0.32     0.32     0.086   .18792E+02
      5.21     0.00    0.43    13.0 0.290E+01   0.34     0.34     0.077   .22556E+02
      5.74     0.00    0.43    14.3 0.263E+01   0.37     0.37     0.070   .26560E+02
      6.28     0.00    0.43    15.6 0.241E+01   0.39     0.39     0.065   .30728E+02
      6.81     0.00    0.43    16.9 0.223E+01   0.41     0.41     0.060   .35071E+02
      7.35     0.00    0.43    18.2 0.207E+01   0.43     0.43     0.056   .39605E+02
      7.89     0.00    0.43    19.4 0.193E+01   0.44     0.44     0.052   .44256E+02
      8.43     0.00    0.44    20.7 0.182E+01   0.46     0.46     0.049   .49077E+02
      8.96     0.00    0.44    21.9 0.171E+01   0.48     0.48     0.047   .53990E+02
      9.50     0.00    0.44    23.2 0.162E+01   0.50     0.50     0.044   .59020E+02
     10.03     0.00    0.44    24.4 0.154E+01   0.51     0.51     0.042   .64195E+02
     10.57     0.00    0.44    25.6 0.147E+01   0.53     0.53     0.040   .69436E+02
     11.11     0.00    0.44    26.8 0.140E+01   0.54     0.54     0.038   .74810E+02
     11.64     0.00    0.44    28.0 0.134E+01   0.56     0.56     0.037   .80236E+02
     12.18     0.00    0.44    29.2 0.129E+01   0.57     0.57     0.035   .85746E+02
     12.72     0.00    0.45    30.3 0.124E+01   0.58     0.58     0.034   .91375E+02
     13.25     0.00    0.45    31.5 0.119E+01   0.60     0.60     0.033   .97039E+02
     13.79     0.00    0.45    32.6 0.115E+01   0.61     0.61     0.032   .10281E+03
     14.32     0.00    0.45    33.8 0.111E+01   0.62     0.62     0.031   .10862E+03
  Merging of individual jet/plumes to form plane jet/plume:
     14.51     0.00    0.45    41.5 0.906E+00   0.78    25.78     0.021   .11066E+03
     15.40     0.00    0.45    42.4 0.886E+00   0.80    25.80     0.021   .12145E+03
** CMC HAS BEEN FOUND **
 The pollutant concentration in the plume falls below CMC value of 0.880E+00
   in the current prediction interval.
 This is the extent of the TOXIC DILUTION ZONE.
     15.93     0.00    0.45    43.0 0.875E+00   0.82    25.81     0.021   .12798E+03
     16.47     0.00    0.45    43.5 0.863E+00   0.83    25.82     0.020   .13459E+03
     17.01     0.00    0.45    44.1 0.853E+00   0.84    25.84     0.020   .14116E+03
     17.54     0.00    0.45    44.6 0.843E+00   0.85    25.85     0.020   .14776E+03
     18.08     0.00    0.45    45.2 0.833E+00   0.87    25.86     0.020   .15443E+03
     18.61     0.00    0.46    45.7 0.823E+00   0.88    25.87     0.020   .16106E+03
     19.15     0.00    0.46    46.2 0.814E+00   0.89    25.88     0.019   .16776E+03
     19.69     0.00    0.46    46.7 0.805E+00   0.90    25.90     0.019   .17443E+03
     20.22     0.00    0.46    47.2 0.796E+00   0.91    25.91     0.019   .18112E+03
     20.76     0.00    0.46    47.7 0.788E+00   0.92    25.92     0.019   .18788E+03
     21.30     0.00    0.46    48.2 0.779E+00   0.94    25.93     0.019   .19460E+03
     21.84     0.00    0.46    48.7 0.771E+00   0.95    25.94     0.018   .20138E+03
     22.37     0.00    0.46    49.2 0.764E+00   0.96    25.95     0.018   .20814E+03
     22.90     0.00    0.46    49.7 0.756E+00   0.97    25.96     0.018   .21491E+03
     23.44     0.00    0.46    50.2 0.749E+00   0.98    25.97     0.018   .22174E+03
     23.98     0.00    0.46    50.7 0.742E+00   0.99    25.98     0.018   .22854E+03
     24.52     0.00    0.46    51.1 0.735E+00   1.00    26.00     0.017   .23540E+03
     25.05     0.00    0.46    51.6 0.729E+00   1.01    26.01     0.017   .24222E+03
     25.59     0.00    0.46    52.0 0.722E+00   1.02    26.02     0.017   .24906E+03
     26.13     0.00    0.46    52.5 0.716E+00   1.03    26.03     0.017   .25596E+03
     26.66     0.00    0.46    53.0 0.710E+00   1.04    26.04     0.017   .26283E+03
     27.19     0.00    0.46    53.4 0.704E+00   1.05    26.05     0.017   .26971E+03
  Terminal level in stratified ambient has been reached.
 Cumulative travel time =         269.7061 sec  (    0.07 hrs)
 
END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION                    
----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------
BEGIN MOD235: LAYER/BOUNDARY/TERMINAL LAYER APPROACH                          
 
  Control volume inflow:
       X        Y       Z        S       C       BV       BH        TT
     27.19     0.00    0.46    53.4 0.704E+00   1.05    26.05   .26971E+03
 
 Profile definitions:
   BV = top-hat thickness, measured vertically
   BH = top-hat half-width, measured horizontally in y-direction
   ZU = upper plume boundary (Z-coordinate)
   ZL = lower plume boundary (Z-coordinate)
   S  = hydrodynamic average (bulk) dilution
   C  = average (bulk) concentration (includes reaction effects, if any)
   TT = Cumulative travel time
 
       X        Y       Z        S       C       BV       BH      ZU      ZL       TT
     26.14     0.00    0.46    53.4 0.704E+00   0.00     0.00    0.46    0.46   .26971E+03
     26.77     0.00    0.46    53.4 0.704E+00   2.65    12.12    2.65    0.00   .26971E+03
     27.41     0.00    0.46    54.3 0.693E+00   3.12    27.07    3.12    0.00   .27316E+03
     28.04     0.00    0.46    63.9 0.589E+00   3.38    27.08    3.38    0.00   .28351E+03
     28.67     0.00    0.46    72.4 0.519E+00   3.52    27.09    3.52    0.00   .29386E+03
     29.30     0.00    0.46    75.5 0.498E+00   3.56    27.10    3.56    0.00   .30422E+03
 Cumulative travel time =         304.2162 sec  (    0.08 hrs)
 
END OF MOD235: LAYER/BOUNDARY/TERMINAL LAYER APPROACH                         
----------------------------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) **
----------------------------------------------------------------------------------------------
BEGIN MOD242: BUOYANT TERMINAL LAYER SPREADING                                
 
 Profile definitions:
   BV = top-hat thickness, measured vertically
   BH = top-hat half-width, measured horizontally in y-direction
   ZU = upper plume boundary (Z-coordinate)
   ZL = lower plume boundary (Z-coordinate)
   S  = hydrodynamic average (bulk) dilution
   C  = average (bulk) concentration (includes reaction effects, if any)
   TT = Cumulative travel time
 
 Plume Stage 1 (not bank attached):
       X        Y       Z        S       C       BV       BH      ZU      ZL       TT
     29.30     0.00    0.46    75.5 0.498E+00   3.56    27.10    3.56    0.00   .30422E+03
     39.39     0.00    0.46    82.8 0.454E+00   2.71    38.97    2.71    0.00   .46981E+03
     49.49     0.00    0.46    87.6 0.429E+00   2.30    48.54    2.30    0.00   .63540E+03
     59.58     0.00    0.46    91.2 0.412E+00   2.05    56.84    2.05    0.00   .80100E+03
     69.68     0.00    0.46    94.3 0.399E+00   1.87    64.28    1.87    0.00   .96659E+03
     79.77     0.00    0.46    97.0 0.388E+00   1.74    71.11    1.74    0.00   .11322E+04
     89.87     0.00    0.46    99.5 0.378E+00   1.64    77.48    1.64    0.00   .12978E+04
     99.96     0.00    0.46   101.8 0.369E+00   1.56    83.46    1.56    0.00   .14634E+04
    110.05     0.00    0.46   104.0 0.362E+00   1.49    89.14    1.49    0.00   .16290E+04
    120.15     0.00    0.46   106.1 0.354E+00   1.43    94.56    1.43    0.00   .17946E+04
    130.24     0.00    0.46   108.1 0.348E+00   1.38    99.76    1.38    0.00   .19601E+04
    140.34     0.00    0.46   110.2 0.341E+00   1.34   104.77    1.34    0.00   .21257E+04
    150.43     0.00    0.46   112.2 0.335E+00   1.31   109.62    1.31    0.00   .22913E+04
    160.53     0.00    0.46   114.3 0.329E+00   1.28   114.33    1.28    0.00   .24569E+04
    170.62     0.00    0.46   116.4 0.323E+00   1.25   118.92    1.25    0.00   .26225E+04
    180.72     0.00    0.46   118.5 0.317E+00   1.23   123.39    1.23    0.00   .27881E+04
    190.81     0.00    0.46   120.6 0.312E+00   1.21   127.77    1.21    0.00   .29537E+04
    200.91     0.00    0.46   122.7 0.306E+00   1.19   132.07    1.19    0.00   .31193E+04
    211.00     0.00    0.46   124.9 0.301E+00   1.17   136.28    1.17    0.00   .32849E+04
** WATER QUALITY STANDARD OR CCC HAS BEEN FOUND **
 The pollutant concentration in the plume falls below water quality standard
   or CCC value of 0.300E+00 in the current prediction interval.
 This is the spatial extent of concentrations exceeding the water quality 
   standard or CCC value.
    221.09     0.00    0.46   127.2 0.296E+00   1.16   140.43    1.16    0.00   .34505E+04
    231.19     0.00    0.46   129.5 0.290E+00   1.14   144.51    1.14    0.00   .36161E+04
    241.28     0.00    0.46   131.8 0.285E+00   1.13   148.55    1.13    0.00   .37817E+04
    251.38     0.00    0.46   134.2 0.280E+00   1.12   152.53    1.12    0.00   .39473E+04
    261.47     0.00    0.46   136.6 0.275E+00   1.12   156.46    1.12    0.00   .41129E+04
    271.57     0.00    0.46   139.1 0.270E+00   1.11   160.36    1.11    0.00   .42784E+04
    281.66     0.00    0.46   141.6 0.266E+00   1.10   164.22    1.10    0.00   .44440E+04
    291.76     0.00    0.46   144.2 0.261E+00   1.10   168.05    1.10    0.00   .46096E+04
    301.85     0.00    0.46   146.8 0.256E+00   1.09   171.85    1.09    0.00   .47752E+04
    311.95     0.00    0.46   149.5 0.252E+00   1.09   175.63    1.09    0.00   .49408E+04
    322.04     0.00    0.46   152.2 0.247E+00   1.08   179.38    1.08    0.00   .51064E+04
    332.13     0.00    0.46   154.9 0.243E+00   1.08   183.11    1.08    0.00   .52720E+04
    342.23     0.00    0.46   157.7 0.238E+00   1.08   186.82    1.08    0.00   .54376E+04
    352.32     0.00    0.46   160.5 0.234E+00   1.08   190.52    1.08    0.00   .56032E+04
    362.42     0.00    0.46   163.4 0.230E+00   1.07   194.20    1.07    0.00   .57688E+04
    372.51     0.00    0.46   166.3 0.226E+00   1.07   197.87    1.07    0.00   .59344E+04
    382.61     0.00    0.46   169.3 0.222E+00   1.07   201.53    1.07    0.00   .61000E+04
    392.70     0.00    0.46   172.3 0.218E+00   1.07   205.18    1.07    0.00   .62656E+04
    402.80     0.00    0.46   175.3 0.214E+00   1.07   208.81    1.07    0.00   .64312E+04
    412.89     0.00    0.46   178.4 0.211E+00   1.07   212.44    1.07    0.00   .65967E+04
    422.99     0.00    0.46   181.5 0.207E+00   1.07   216.07    1.07    0.00   .67623E+04
    433.08     0.00    0.46   184.7 0.204E+00   1.07   219.69    1.07    0.00   .69279E+04
    443.17     0.00    0.46   187.8 0.200E+00   1.07   223.30    1.07    0.00   .70935E+04
    453.27     0.00    0.46   191.1 0.197E+00   1.08   226.91    1.08    0.00   .72591E+04
    463.36     0.00    0.46   194.3 0.194E+00   1.08   230.52    1.08    0.00   .74247E+04
    473.46     0.00    0.46   197.6 0.190E+00   1.08   234.12    1.08    0.00   .75903E+04
    483.55     0.00    0.46   200.9 0.187E+00   1.08   237.72    1.08    0.00   .77559E+04
    493.65     0.00    0.46   204.3 0.184E+00   1.08   241.33    1.08    0.00   .79215E+04
    503.74     0.00    0.46   207.7 0.181E+00   1.08   244.93    1.08    0.00   .80871E+04
    513.84     0.00    0.46   211.1 0.178E+00   1.08   248.52    1.08    0.00   .82527E+04
    523.93     0.00    0.46   214.5 0.175E+00   1.09   252.12    1.09    0.00   .84183E+04
    534.03     0.00    0.46   218.0 0.172E+00   1.09   255.72    1.09    0.00   .85839E+04
 Cumulative travel time =        8583.8672 sec  (    2.38 hrs)
 
----------------------------------------------------------------------------------------------
 Plume is ATTACHED to RIGHT bank/shore.
   Plume width is now determined from RIGHT bank/shore.
 
 Plume Stage 2 (bank attached):
       X        Y       Z        S       C       BV       BH      ZU      ZL       TT
    534.03  -255.73    0.46   218.0 0.172E+00   1.09   511.45    1.09    0.00   .85839E+04
    723.35  -255.73    0.46   273.1 0.138E+00   1.21   574.79    1.21    0.00   .11689E+05
    912.66  -255.73    0.46   326.9 0.115E+00   1.30   643.27    1.30    0.00   .14795E+05
   1101.98  -255.73    0.46   381.5 0.986E-01   1.36   714.91    1.36    0.00   .17901E+05
   1291.30  -255.73    0.46   437.5 0.859E-01   1.42   788.71    1.42    0.00   .21006E+05
   1480.62  -255.73    0.46   495.2 0.759E-01   1.46   864.08    1.46    0.00   .24112E+05
   1669.94  -255.73    0.46   554.7 0.678E-01   1.51   940.69    1.51    0.00   .27218E+05
   1859.26  -255.73    0.46   616.1 0.610E-01   1.55  1018.30    1.55    0.00   .30323E+05
   2048.58  -255.73    0.46   679.2 0.554E-01   1.58  1096.75    1.58    0.00   .33429E+05
   2237.90  -255.73    0.46   744.2 0.505E-01   1.62  1175.93    1.62    0.00   .36535E+05
   2427.22  -255.73    0.46   810.9 0.464E-01   1.65  1255.75    1.65    0.00   .39640E+05
   2616.54  -255.73    0.46   879.3 0.428E-01   1.68  1336.14    1.68    0.00   .42746E+05
   2805.86  -255.73    0.46   949.3 0.396E-01   1.71  1417.05    1.71    0.00   .45851E+05
   2995.18  -255.73    0.46  1021.0 0.368E-01   1.74  1498.43    1.74    0.00   .48957E+05
   3184.50  -255.73    0.46  1094.2 0.344E-01   1.77  1580.25    1.77    0.00   .52063E+05
   3373.82  -255.73    0.46  1168.9 0.322E-01   1.80  1662.46    1.80    0.00   .55168E+05
   3563.14  -255.73    0.46  1245.1 0.302E-01   1.82  1745.05    1.82    0.00   .58274E+05
   3752.46  -255.73    0.46  1322.7 0.284E-01   1.85  1827.98    1.85    0.00   .61380E+05
   3941.78  -255.73    0.46  1401.7 0.268E-01   1.87  1911.23    1.87    0.00   .64485E+05
   4131.10  -255.73    0.46  1482.1 0.254E-01   1.90  1994.79    1.90    0.00   .67591E+05
   4320.42  -255.73    0.46  1563.8 0.240E-01   1.92  2078.63    1.92    0.00   .70697E+05
   4509.74  -255.73    0.46  1646.8 0.228E-01   1.95  2162.75    1.95    0.00   .73802E+05
   4699.05  -255.73    0.46  1731.1 0.217E-01   1.97  2247.12    1.97    0.00   .76908E+05
   4888.37  -255.73    0.46  1816.6 0.207E-01   1.99  2331.73    1.99    0.00   .80013E+05
   5077.69  -255.73    0.46  1903.3 0.198E-01   2.01  2416.57    2.01    0.00   .83119E+05
   5267.01  -255.73    0.46  1991.2 0.189E-01   2.03  2501.63    2.03    0.00   .86225E+05
   5456.33  -255.73    0.46  2080.3 0.181E-01   2.05  2586.90    2.05    0.00   .89330E+05
   5645.65  -255.73    0.46  2170.5 0.173E-01   2.08  2672.37    2.08    0.00   .92436E+05
   5834.97  -255.73    0.46  2261.8 0.166E-01   2.10  2758.03    2.10    0.00   .95542E+05
   6024.29  -255.73    0.46  2354.2 0.160E-01   2.11  2843.87    2.11    0.00   .98647E+05
   6213.61  -255.73    0.46  2447.7 0.154E-01   2.13  2929.88    2.13    0.00   .10175E+06
   6402.93  -255.73    0.46  2542.2 0.148E-01   2.15  3016.06    2.15    0.00   .10486E+06
   6592.25  -255.73    0.46  2637.8 0.143E-01   2.17  3102.40    2.17    0.00   .10796E+06
   6781.57  -255.73    0.46  2734.4 0.138E-01   2.19  3188.89    2.19    0.00   .11107E+06
   6970.89  -255.73    0.46  2831.9 0.133E-01   2.21  3275.53    2.21    0.00   .11418E+06
   7160.21  -255.73    0.46  2930.5 0.128E-01   2.23  3362.32    2.23    0.00   .11728E+06
   7349.53  -255.73    0.46  3030.0 0.124E-01   2.24  3449.24    2.24    0.00   .12039E+06
   7538.84  -255.73    0.46  3130.5 0.120E-01   2.26  3536.29    2.26    0.00   .12349E+06
   7728.16  -255.73    0.46  3232.0 0.116E-01   2.28  3623.47    2.28    0.00   .12660E+06
   7917.48  -255.73    0.46  3334.3 0.113E-01   2.30  3710.77    2.30    0.00   .12970E+06
   8106.80  -255.73    0.46  3437.6 0.109E-01   2.31  3798.20    2.31    0.00   .13281E+06
   8296.12  -255.73    0.46  3541.7 0.106E-01   2.33  3885.73    2.33    0.00   .13591E+06
   8485.44  -255.73    0.46  3646.8 0.103E-01   2.34  3973.38    2.34    0.00   .13902E+06
   8674.76  -255.73    0.46  3752.7 0.100E-01   2.36  4061.14    2.36    0.00   .14213E+06
   8864.08  -255.73    0.46  3859.4 0.974E-02   2.38  4149.00    2.38    0.00   .14523E+06
   9053.40  -255.73    0.46  3967.1 0.948E-02   2.39  4236.96    2.39    0.00   .14834E+06
   9242.72  -255.73    0.46  4075.5 0.923E-02   2.41  4325.03    2.41    0.00   .15144E+06
   9432.04  -255.73    0.46  4184.8 0.898E-02   2.42  4413.18    2.42    0.00   .15455E+06
   9621.36  -255.73    0.46  4294.9 0.875E-02   2.44  4501.43    2.44    0.00   .15765E+06
   9810.68  -255.73    0.46  4405.8 0.853E-02   2.45  4589.77    2.45    0.00   .16076E+06
  10000.00  -255.73    0.46  4517.5 0.832E-02   2.47  4678.20    2.47    0.00   .16387E+06
 Cumulative travel time =      163865.5938 sec  (   45.52 hrs)
 
 Simulation limit based on maximum specified distance =  10000.00 m.
   This is the REGION OF INTEREST limitation.
 
END OF MOD242: BUOYANT TERMINAL LAYER SPREADING                               
----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------
CORMIX2: Multiport Diffuser Discharges       End of Prediction File
22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222










From: Nickel, Brian
To: June Bergquist
Cc: Herger, Lillian
Subject: CE-QUAL-W2 modeling of Sandpoint"s interim phosphorus and ammonia limits
Date: Friday, March 18, 2016 4:12:00 PM
Attachments: 2016 Pend Oreille Memo Interim Limits Final.docx


June:
I don’t think there’s anything in the Clean Water Act or its regulations that says we need to
demonstrate that interim effluent limits protect water quality. It’s the final, water quality-based
effluent limits that must do that.
However, I do think the Fish and Wildlife Service will be very interested in what the discharge may be
doing to water quality, during the term of the compliance schedule. To answer that question, I asked
Ben Cope to do one more CE-QUAL-W2 run to show the impact of the interim phosphorus and
ammonia limits, relative to the final limits. The results are provided in the attached memo.
Let me know if you have any questions or concerns.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-0165
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.








From: Nickel, Brian
To: "Mark.Shumar@deq.idaho.gov"
Subject: RE: cormix
Date: Thursday, August 11, 2016 2:46:00 PM
Attachments: draft 401 certification Sandpoint WWTP OCR RFS.pdf


Mark:
Would you please send to me the input and prediction files (and other output files if you have them)
for the Cormix modeling that is described in Appendix D to the February 2016 revised draft
certification for the City of Sandpoint (attached for your reference)? I’m referring to the model runs
that use the velocity that was measured in the field, as opposed to the estimated velocity that was
used in the earlier runs.
I’d ask June in the Coeur d’Alene office, but she’s currently out.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Mark.Shumar@deq.idaho.gov [mailto:Mark.Shumar@deq.idaho.gov] 
Sent: Monday, October 05, 2015 9:37 AM
To: Nickel, Brian 
Subject: cormix
Brian, thanks for the call back. I knew that the angles were creating something different for the
endpoint values. I did not think of using cor-spy, that was a good idea. I happened to see your
diffuser endpoint values on your Figure 1 before you called and was able to get it to run. Thanks for
figuring that stuff out.
Mark L. Shumar
TMDL Specialist and Plant Ecologist
State Technical Services Office
Idaho Department of Environmental Quality
1410 N. Hilton St., Boise, ID 83706
208-373-0132 (v) 208-373-0143 (f)
Mark.Shumar@deq.idaho.gov
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STATE OF IDAHO 



DEPARTMENT OF 
ENVIRONMENTAL QUALITY 



2110 Ironwood Parkway • Coeur d'Alene, Idaho 83814 • (208) 769-1422 
www.deq.idaho.gov 



February 23, 2016 



Mr. Michael Lidgard 
US Environmental Protection Agency, Region 10 
1200 6111 Avenue, OW-130 
Seattle, W A 981 01 



C.L. "Butch" Otter, Governor 
John H. Tippets, Director 



RE: Revised Draft §401 Water Quality Cetiification for the Draft NPDES Permit No. ID-
0020842 for the City of Sandpoint Wastewater Treatment Plant 



Dear Mr. Lidgard: 



The State ofldaho Department of Environmental Quality (DEQ) received a revised preliminary 
draft NPDES permit dated November 19, 2015. After review of the draft permit and fact sheet, 
DEQ submits the enclosed draft §401 water quality certification which includes a narrative 
description of our antidegradation review for this permit and conditions necessary to meet these 
rules. After the public comment period ends, DEQ will address any comments, review the 
proposed final permit and issue a final certification decision. 



Please direct any questions to June Bergquist at 208.666.4605 or june.bergquist@deq.idaho.gov . 



Daniel Redline 
Regional Administrator 
Coeur d'Alene Regional Office 



Enclosure 



C: Nicole Deinarowicz, DEQ State Office 
Brian Nickel, EPA Region 10, Seattle 
Kody Van Dyk, Public Works Director City of Sandpoint 



Printed on Recycled Paper 











February 23, 2016 



Idaho Department of Environmental Quality 



Draft §401 Water Quality Certification 



NPDES Permit Number(s): 10002842 City of Sandpoint Wastewater Treatment 
Plant 



Receiving Water Body: Pend Oreille River 



Pursuant to the provisions of Section 401(a)(1) of the Federal Water Pollution Control Act 
(Clean Water Act), as amended; 33 U.S.C. Section 1341(a)(1); and Idaho Code§§ 39-101 et seq. 
and 39-3601 et seq., the Idaho Department of Environmental Quality (DEQ) has authority to 
review National Pollutant Discharge Elimination System (NPDES) permits and issue water 
quality cetiification decisions. 



Based upon its review of the above-referenced permit and associated fact sheet, DEQ certifies 
that if the permittee complies with the terms and conditions imposed by the permit along with the 
conditions set forth in this water quality certification, then there is reasonable assurance the 
discharge will comply with the applicable requirements of Sections 301, 302, 303,306, and 307 
ofthe Clean Water Act, the Idaho Water Quality Standards (WQS) (IDAPA 58.01.02), and other 
appropriate water quality requirements of state law. 



This certification does not constitute authorization of the permitted activities by any other state 
or federal agency or private person or entity. This cetiification does not excuse the permit holder 
from the obligation to obtain any other necessary approvals, authorizations, or permits. 



Antidegradation Review 
The WQS contain an antidegradation policy providing three levels of protection to water bodies 
in Idaho (IDAPA 58.01.02.051). 



• Tier 1 Protection. The first level of protection applies to all water bodies subject to Clean 
Water Act jurisdiction and ensures that existing uses of a water body and the level of 
water quality necessary to protect those existing uses will be maintained and protected 
(IDAPA 58.01.02.051.01; 58.01.02.052.01). Additionally, a Tier 1 review is performed 
for all new or reissued permits or licenses (IDAP A 58.01.02.052.07). 



• Tier 2 Protection. The second level of protection applies to those water bodies considered 
high quality and ensures that no lowering of water quality will be allowed unless deemed 
necessary to accommodate important economic or social development (IDAPA 
58.0 1.02.051.02; 58.01.02.052.08). 



• Tier 3 Protection. The third level of protection applies to water bodies that have been 
designated outstanding resource waters and requires that activities not cause a lowering 
ofwater quality (IDAPA 58.01.02.051.03; 58.01.02.052.09). 
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DEQ is employing a water body by water body approach to implementing Idaho's 
antidegradation policy. This approach means that any water body fully supporting its beneficial 
uses will be considered high quality (IDAPA 58.01.02.052.05.a). Any water body not fully 
supporting its beneficial uses will be provided Tier 1 protection for that use, unless specific 
circumstances warranting Tier 2 protection are met (IDAPA 58.01.02.052.05.c). The most recent 
federally approved Integrated Report and supporting data are used to determine support status 
and the tier of protection (IDAPA 58.01.02.052.05). 



Pollutants of Concern 



The Sandpoint Wastewater Treatment Plant discharges the following pollutants of concern: 
BODs, TSS, E. coli, chlorine, mercury, temperature, pH, phosphorus, ammonia, nitrate +nitrite, 
Kjeldahl nitrogen, arsenic, cadmium, total chromium, chromium VI, copper, cyanide, lead, 
nickel, silver, zinc and whole effluent toxicity (WET). Effluent limits have been developed for 
BODs, TSS, pH, E. coli, chlorine, ammonia, mercury and phosphorus. No effluent limits are 
proposed for temperature, nitrate+ nitrite, Kjeldahl nitrogen, arsenic, cadmium, total chromium, 
chromium VI, copper, cyanide, lead, silver, zinc and WET. Although these pollutants are 
present in detectable amounts, none of the pollutants have a reasonable potential to exceed WQS. 
The Sandpoint Wastewater Treatment Plant intends to increase their design flow. Limits for 
their current permit were calculated using a 3.0 mgd (million gallons per day) design flow and 
the draft permit uses a 5.0 mgd design flow. 



Receiving Water Body Level of Protection 



The Sandpoint Wastewater Treatment Plant discharges to the Pend Oreille River within the Pend 
Oreille Lake Subbasin assessment unit (AU) 17010214PN002_08 (Pend Oreille Lake to Priest 
River). This AU has the following designated beneficial uses: cold water aquatic life, domestic 
water supply, and primary contact recreation. In addition to these uses, all waters of the state are 
protected for agricultural and industrial water supply, wildlife habitat, and aesthetics 
(IDAPA 58.01.02.100). 



According to DEQ's 2012 Integrated Report, this AU is not fully supporting one or more of its 
assessed uses. The cold water aquatic life use is not fully supported. Causes of impairment 
include total dissolved nitrogen gas (gas super-saturation) and temperature. As such, DEQ will 
provide Tier 1 protection (IDAPA 58.01.02.051.01) for the aquatic life use. The contact 
recreation beneficial use is unassessed. DEQ must provide an appropriate level of protection for 
the contact recreation use using information available at this time (IDAPA 58.01.02.052.05.c). 
Fecal coliform and E. coli monitoring from a USGS monitoring station near Newport, WA and 
the Sandpoint Water Treatment Plant indicate this use is fully supported (see Appendix A of this 
certification); therefore, DEQ will provide Tier 2 protection in addition to Tier 1, for the 
recreation beneficial use (IDAPA 58.01.02.051.01; 58.01.02.051.02). 



Protection and Maintenance of Existing Uses (Tier 1 Protection) 



As noted above, a Tier 1 review is performed for all new or reissued permits or licenses, applies 
to all waters subject to the jurisdiction of the Clean Water Act, and requires demonstration that 
existing uses and the level of water quality necessary to protect existing uses shall be maintained 
and protected. In order to protect and maintain designated and existing beneficial uses, a 
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permitted discharge must comply with narrative and numeric criteria of the Idaho WQS, as well 
as other provisions of the WQS such as Section 055, which addresses water quality limited 
waters. The numeric and narrative criteria in the WQS are set at levels that ensure protection of 
designated beneficial uses. The effluent limitations and associated requirements contained in the 
Sandpoint Wastewater Treatment Plant permit are set at levels that ensure compliance with the 
narrative and numeric criteria in the WQS. 



Water bodies not supporting existing or designated beneficial uses must be identified as water 
quality limited, and a total maximum daily load (TMDL) must be prepared for those pollutants 
causing impairment. A central purpose ofTMDLs is to establish wasteload allocations for point 
source discharges, which are set at levels designed to help restore the water body to a condition 
that supports existing and designated beneficial uses. Discharge permits must contain limitations 
that are consistent with wasteload allocations in the approved TMDL. The Pend Oreille River 
does not yet have an approved TMDL for temperature or total dissolved nitrogen gas. 



Prior to the development of the TMDL, the WQS require the application of the antidegradation 
policy and implementation provisions to maintain and protect uses (IDAPA 58.01.02.055.04). As 
previously stated, the cold water aquatic life use in this Pend Oreille River AU is not fully 
supported due to excess total dissolved nitrogen gas and temperature. The City's discharge was 
found to have no reasonable potential to exceed WQS for total dissolved nitrogen gas and 
temperature (2012 Fact Sheet page 11). Because ofthe low temperature of the effluent and that 
total dissolved gas is not a pollutant found in municipal discharges, the City's discharge 
complies with IDAPA 58.01.02.054.04. The other pollutants of concern either have effluent 
limits that ensure compliance with WQS or there is no reasonable potential to exceed WQS. 



In summary, the effluent limitations and associated requirements contained in the Sandpoint 
Wastewater Treatment Plant permit are set at levels that ensure compliance with the narrative 
and numeric criteria in the WQS. Therefore, DEQ has determined the permit will protect and 
maintain existing and designated beneficial uses in the Pend Oreille River in compliance with the 
Tier 1 provisions ofldaho's WQS (IDAPA 58.01.02.051.01 and 58.01.02.052.07). 



High-Quality Waters (Tier 2 Protection) 



The Pend Oreille River is considered high quality for recreational uses. As such, the water 
quality relevant to recreational uses of the Pend Oreille River must be maintained and protected, 
unless a lowering of water quality is deemed necessary to accommodate important social or 
economic development. 



To determine whether degradation will occur, DEQ must evaluate how the permit issuance will 
affect water quality for each pollutant that is relevant to recreational uses of the Pend Oreille 
River (IDAPA 58.01.02.052.05). These include the following: mercury, E. coli, zinc, nickel, 
cyanide, arsenic and nutrients. Effluent limits are set in the proposed and existing permit for only 
mercury, E.coli, and nutrients (discussion below). 



For a reissued permit or license, the effect on water quality is determined by looking at the 
difference in water quality that would result from the activity or discharge as authorized in the 
current permit and the water quality that would result from the activity or discharge as proposed 
in the reissued permit or license (IDAPA 58.01.02.052.06.a). For a new permit or license, the 
effect on water quality is determined by reviewing the difference between the existing receiving 
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water quality and the water quality that would result from the activity or discharge as proposed in 
the new permit or license (IDAPA 58.01.02.052.06.a). 



If degradation will occur, DEQ must then determine whether the degradation is significant. A 
Tier 2 analysis is not required for insignificant degradation. If the discharge will cause a 
cumulative decrease in assimilative capacity that is equal to or less than 10% from conditions in 
the Pend Oreille River as of July 1, 2011, then DEQ may determine the degradation is 
insignificant, taking into consideration the size and character of the discharge and the magnitude 
of its effect on the receiving water (IDAPA 58.01.02.052.08.a). 



Pollutants with Limits in the Current and Proposed Permit: E. coli 



For pollutants that are currently limited and will have limits under the reissued permit, the 
current discharge quality is based on the limits in the current permit or license (IDAPA 
58.01.02.052.06.a.i), and the future discharge quality is based on the proposed permit limits 
(IDAPA 58.01.02.052.06.a.ii). For the Sandpoint Wastewater Treatment Plant permit, this means 
determining the permit's effect on water quality based upon the limits for E. coli in the current 
and proposed permits. Table 1 provides a summary of the current permit limits and the proposed 
or reissued permit limits. 



Effluent limits for E. coli in the proposed permit are the same as the previous permit and are 
protective of beneficial uses. However, the proposed increased design flow (3.0 mgd to 5.0 mgd) 
will theoretically increase the concentration of E. coli bacteria at the edge of a mixing zone. A 
Tier 2 analysis, however, is only required if the degradation is determined to be significant and 
significant degradation occurs when the discharge of the pollutant will cumulatively decrease the 
remaining assimilative capacity by more than 10% percent or, if less than 10%, when determined 
by the Department to be significant (IDAPA 58.01.02.052.08.a). Sandpoint's new design flow 
will reduce the assimilative capacity of E. coli by <1 %. Since this value is less than 10% of the 
remaining assimilative capacity and determined by the Department to be an insignificant 
increase, no alternatives analysis or socioeconomic justification are required for the increase of 
E. coli in the Pend Oreille River (see Appendix A of this certification for the analysis). 



New Permit Limits for Pollutants Currently Discharged: Mercury, Phosphorus 



When new limits are proposed in a reissued permit for pollutants in the existing discharge, the 
effect on water quality is based upon the current discharge quality and the proposed discharge 
quality resulting from the new limits. Current discharge quality for pollutants that are not 
currently limited is based upon available discharge quality data (IDAPA 58.01.02.052.06.a.i). 
Future discharge quality is based upon proposed permit limits (IDAPA 58.01.02.052.06.a.ii). 



The proposed permit for Sandpoint Wastewater Treatment Plant includes new limits for mercury 
and phosphorus (Table 1 ). Since the current permit does not contain effluent limits for mercury 
or phosphorus, the proposed limits are based on discharge monitoring report (DMR) data and the 
existing ambient water quality in the Pend Oreille River. Due to the limited amount of 
phosphorus data and its variability, the entire record to date was used to develop the new effluent 
limits. The amount of the river necessary to dilute phosphorus in the WWTP effluent to meet a 
criteria of 1011g/L (see Revised Fact Sheet Appendix E) exceeds twenty-five percent. This need 
for a larger mixing zone triggered a closer examination of this mixing zone through data 
collection and modeling which is summarized in Appendices C and D of this certification. 
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Modeling reports are available upon request by calling the contact shown at the end of this 
cetiification. 



Results of the modeling are reflected in the new effluent limits and a compliance schedule. 
Details of how the effluent limits were calculated can be found in Appendices E and F of the 
Revised Fact Sheet. Specifically, to ensure that there is no loss of assimilative capacity in the 
Pend Oreille River for mercury, the loading effluent limits in the permit are based on the 
cunently permitted design flow of 3mgd and the maximum daily mercury limit is equal to the 
maximum measured concentration of mercury, which is 1.1 flg/L. These limits will also ensure 
that the numeric water column criteria for mercury1 will be met at the edges of the chronic and 
acute mixing zones (Table 4). New permit limits for phosphorus assure that there will be no 
degradation (see discussion in Appendix B of this certification). In conclusion, by limiting 
phosphorus loads with new effluent limits and modeling to verify effects of these new limits; 
restricting mercury discharges to those cunently discharged; and requiring the execution of a 
mercury minimization plan (permit part I.E.); there should be no degradation of water quality as 
it relates to recreational beneficial uses. 



Pollutants with No Limits: Arsenic, Zinc, Cyanide and Nickel 



There are several pollutants of concern (arsenic, zinc, cyanide and nickel) relevant to Tier 2 
protection of recreation that cunently are not limited and for which the proposed permit also 
contains no limit (Table 1). For such pollutants, a change in water quality is determined by 
reviewing whether changes in production, treatment, or operation that will increase the discharge 
of these pollutants are likely (IDAPA 58.01.02.052.06.a.ii). The Sandpoint Wastewater 
Treatment Plant has proposed a design flow increase of 2.0 mgd. There have been no changes in 
the industrial sector of Sandpoint that might increase their discharge concentration of these 
pollutants. However, the proposed increased design flow (3.0 mgd to 5.0 mgd) will theoretically 
increase the concentration of these pollutants at the edge of a mixing zone. A Tier 2 analysis, 
however, is only required if the degradation is determined to be significant and significant 
degradation occurs when the discharge of the pollutant will cumulatively decrease the remaining 
assimilative capacity by more than 10% percent or, if less than 10%, when determined by the 
Depmiment to be significant (IDAPA 58.01.02.052.08.a). As shown in Appendix E ofthis 
certification, the increase in the design flow will not decrease the remaining assimilative capacity 
for these pollutants by more than 10%. Therefore, DEQ has determined there will be no 
significant degradation. Continued monitoring of new or increased discharges to the treatment 
system and their pollutants is required by part III. J. of the new permit to detect any changes as 
future flow increases. As such, the proposed permit should maintain the existing high water 
quality in the Pend Oreille River. 



In summary, DEQ concludes that this discharge permit complies with the Tier 2 provisions of 
Idaho's WQS (IDAPA 58.01.02.051.02 and IDAPA 58.01.02.052.06). 



1 The water column criteria for mercury remain in effect for Clean Water Act purposes even 
though it is not listed in Idaho's WQS. See EPA letter to DEQ dated December 12, 2008 at this 
link: http://www .deq. idaho. gov /epa-actions-on-proposed-standards for details. 
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Table 1. Comparison of current and proposed permit limits for pollutants of concern relevant to 
uses rece1vmg r 2 t r 1er pro ec 1on. 



Current Permit Pro Josed Permit 



Pollutant Units Average Average Max Average Average Max Change a 
Monthly Weekly Daily Monthly Weekly Daily 



Limit Limit Limit Limit Limit Limit 
Pollutants with limits in both the current and proposed permit 
Five-Day BOD mg/L 30 45 - 30 45 -



lb/day 750 1100 - 1251 1877 - lb 
%removal 85% - - 85% - -



TSS mg/L 30 45 - 30 45 -
lb/day 750 1100 - 1251 1877 - lb 
%removal 85% - - 85% - -



pH standard units 6.5-9.0 all times 6.5-9.0 all times NC 
E. coli no./100 ml 126 - 406 126 - 406 NC 
Total Residual mg/L 0.45 1.1 - 0.348 - 0.912 



D Chlorine lb/day - - - 14.5 - 38.0 
Pollutants with new limits in the proposed permit 



Total IJQ/L 1/qtr - Report - - -
Phosphorus lb/day - - - 61 79 - NC (June-Sept) 
Total IJQ/L - - - - - -
Phosphorus lb/day - - - 96 125 - NC (Oct-May) 
Mercury IJg/L 2/yr - Report 0.56 - 1.1 



NC 
lb/day - - - 0.014 - 0.028 



Ammonia mg/L - - - 21.1 - 40.5 D 
lb/day - - - 880 - 1689 D 



Pollutants with no limits in both the current and proposed permit 
Temperature oc 1/day - Report - continuous NC 
Total Ammonia mg/L 1/mo - Report - 1/mo Report NC 
Nitrate+ Nitrite mg/L 1/qtr - Report - 1/qtr Report NC 
Kjeldahl mg/L 1/qtr - Report - 1/qtr Report NC 
Nitrogen 
Arsenic 'IJQ/L 2/yr - Report - 2/yr Report NC 
Cadmium IJg/L II - Report - II Report NC 
Total Chromium IJQ/L II - Report - II Report NC 
Chromium VI IJQ/L 



II - Report - II Report NC 
Copper IJQ/L II - Report - II Report NC 
Cyanide IJg/L II - Report - II Report NC 
Lead •IJg/L II - Report - II Report NC 
Nickel ·IJg/L II - Report - II Report NC 
Silver IJQ/L II - Report - II Report NC 
Zinc IJQ/L 



II - Report - II Report NC 



a NC = no change in effluent limit from current permit; I = increase of pollutants from current permit; D = 
decrease of pollutants from current permit. 
b EPA determined that the current water quality based effluent limits for TSS and BOD were unnecessary 
and that technology based effluent limits for these pollutants would not violate the dissolved oxygen WQS 
(Revised Fact Sheet Appendix D). Since the Pend Oreille River only receives Tier 1 protection for cold 
water aquatic life, pollutants significant to this use can be increased up to the WQS criteria 
(IDAPA58.01.02.052.07). 
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Conditions Necessary to Ensure Compliance with Water 
Quality Standards or Other Appropriate Water Quality 
Requirements of State Law 



Compliance Schedules 
Pursuant to ID AP A 58.0 1. 02.400.03, D EQ may authorize compliance schedules for water 
quality-based effluent limits issued in a permit for the first time. Sandpoint Wastewater 
Treatment Plant cannot reliably achieve compliance with the effluent limits for ammonia and the 
phosphorus limits for the season of June - September; therefore, DEQ authorizes a compliance 
schedule and interim requirements as set forth below. This compliance schedule provides the 
permittee a reasonable amount of time to achieve the final effluent limits as specified in the 
permit. At the same time, the schedule ensures that compliance with the final effluent limits is 
accomplished as soon as possible. At the request of the City of Sandpoint, this schedule includes 
two options, one that utilizes their existing treatment plant and the other which allows time for 
the construction of a new treatment plant. 



Requirements for Compliance Schedule Option 1 and 2 



1. The permittee must comply with all effluent limitations and monitoring requirements in 
Part LB., LC. and LD. beginning on the effective date of the permit, except those for 
which a compliance schedule is specified in Part ILF of the final permit. 



2. The permittee must achieve compliance with the applicable final effluent limitations as 
set forth in Part LB. (Table 1) of the permit no later than: 



a. Five (5) years after the effective date of the final permit for Option 1, or 
b. Ten (10) years after the effective date of the final permit for Option 2. 



3. While the schedules of compliance specified in Part II.F of the permit are in effect, the 
permittee must complete interim requirements and meet interim effluent limits and 
monitoring requirements as specified in Parts I.B, I.C, I.D and I.E of the permit. 



4. By one (1) year after the effective date of the final permit, the permittee must notify EPA 
and DEQ in writing that a preferred compliance schedule option has been selected and 
demonstrate that funding for the preferred option is secured for Option 1 or has a City of 
Sandpoint approved strategy for obtaining funding for Option 2. 



Option 1 Existing Plant Upgrades- 5 Year Schedule 



This option applies if the City of Sandpoint decides to upgrade their existing treatment plant to 
meet final effluent limits. 
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1. By three (3) years after the effective date of the final permit, the permittee must provide 
for DEQ approval, a preliminary engineering report (PER) that examines how to improve 
effluent quality and meet effluent limits associated with phosphorus and ammonia. This 
report must include details on how the proposed improvements will meet final effluent 
limits. The report shall include materials, costs, and a schedule for completion of the 
work. 



2. By four (4) years after the effective date of the final permit, final plans and specifications 
for the modifications proposed in the PER shall be submitted to DEQ for approval. 



3. By five (5) years after the effective date of the final permit, the permittee must have 
completed the plant upgrade and achieved compliance with final effluent limits and WQS 
as shown in Table 3. 



Option 2 New Treatment Plant- 10 Year Schedule 
This option applies if the City of Sandpoint decides to construct a new treatment plant that will 
meet final effluent limits. 



Interim Requirements for Option 2 Compliance Schedule 



1. By three (3) years after the effective date of the final permit a facility plan shall be 
submitted to DEQ for review and approval. The facility plan shall include outlining 
estimated costs and schedules for construction of a new wastewater treatment plant and 
implementation of technologies to achieve final effluent limitations. This schedule must 
include a timeline for pilot testing. 



2. By four (4) years after the effective date of the final permit, the permittee must provide 
EPA and DEQ with a progress report on funding for the new facility. Copy of notice of 
bond approval or notice of judicial confirmation is acceptable. 



3. By five (5) years after the effective date ofthe final permit, the permittee must provide 
EPA and DEQ with written notice that design has been completed and approved by DEQ. 



4. By six (6) years after the effective date of the final permit, the permittee must provide 
EPA and DEQ with a notice that bids for construction have been awarded to achieve final 
effluent limitations. 



5. By seven (7) and eight (8) years after the effective date of the final permit, the permittee 
must provide EPA and DEQ with brief progress reports of construction as they relate to 
meeting the compliance schedule timeline and final effluent limits. 



6. By nine (9) years after the effective date of the final permit, the permittee must provide 
EPA and DEQ with written notice that construction has been substantively completed on 
the facilities to achieve final effluent limitations. 
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7. By ten (1 0) years after the effective date of the final permit, the permittee must provide 
EPA and DEQ with a written report providing details of a completed start up and 
optimization phase of the new treatment system and must achieve compliance with the 
final effluent limitations of Part LB. 



Table 2. Interim Limits for Both Options 
Parameter Units Average Average Weekly Limit 



Monthly 
Limit 



Phosphorus lb/day 96 125 
(June-



September) 
Ammonia mg/L 32.8 62.9 



lb/day 1368 2623 



Table 3. Final Limits for Both Options 
Parameter Units Average Average Weekly Percent Mixing Zone 



Monthly Limit Limit 
Phosphorus lb/day 61 79 47% ofthe 30Q10 flow (6,640 
(June-September) cfs) 
Phosphorus lb/day 96 125 60% ofthe 30Q10 flow (8,260 
(October-May) cfs) 
Ammonia mg/L 21.1 Max Daily Limits Acute: 15.1% ofthe 1Q10 flow 



40.5 (2,401cfs) 
lb/day 880 1689 Chronic: 12.1% of the 30B3 flow 



(8,090cfs) 



Mixing Zones 
Due to Sandpoint's desire for a design flow increase, DEQ and EPA modeled various scenarios 
related to the phosphorus mixing zone and downstream conditions in the Pend Oreille River. 
EPA did additional modeling to examine the mixing zones for pollutants of concern which have 
acute and chronic aquatic life criteria, including ammonia, chlorine and mercury. These 
modeling efforts resulted in more stringent limits for phosphorus, ammonia and chlorine. The 
mixing zones for these pollutants and the rationale behind their use are described in detail in the 
modeling documentation and reports available from DEQ upon request. Pursuant to IDAP A 
58.01.02.060, DEQ authorizes the mixing zones summarized in Table 4 for the current outfall 
location. 
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Table 4 M' · Z . 1xmg ones . 
Pollutant Mixing Zone (% of critical flow 



volumes of the Pend Oreille River) 
ammonia final limit acute 15.1 



chronic 12.1 
arsemc acute 15.1 



chronic and human health 25 
chlorine acute 15.1 



chronic 25 
chromium III acute 15.1 



chronic 25 
chromium IV acute 15.1 



chronic 25 
copper acute 15.1 



chronic 25 
cyanide acute 15.1 



chronic 25 
lead acute 15.1 



chronic 25 
mercury acute 15.1 



chronic 25 
nickel acute 15.1 



chronic 25 
nitrate + nitrite 25 
zmc acute 15.1 



chronic 25 
Phosphorus, June-September 47 
final limit 
Phosphorus, October-May 60 



Other Conditions 
This certification is conditioned upon the requirement that any material modification of the 
permit or the permitted activities-including without limitation, any modifications of the permit 
to reflect new or modified TMDLs, wasteload allocations, site-specific criteria, variances, or 
other new information-shall first be provided to DEQ for review to determine compliance with 
Idaho WQS and to provide additional certification pursuant to Section 401. 



Right to Appeal Final Certification 
The final Section 401 Water Quality Certification may be appealed by submitting a petition to 
initiate a contested case, pursuant to Idaho Code§ 39-107(5) and the "Rules of Administrative 
Procedure before the Board of Environmental Quality" (IDAPA 58.01.23), within 35 days of the 
date of the final certification. 
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Questions or comments regarding the actions taken in this certification should be directed to June 
Bergquist, Coeur d'Alene Regional Office at 208.666.4605 or via email at 
june. bergquist@deq .idaho. gov. 



DRAFT 



Daniel Redline 



Regional Administrator 



Coeur d'Alene Regional Office 
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Appendix A 



E. coli Significance Test 



Background 
The Pend Oreille River is considered high quality for recreational uses. To prevent the lowering 
of water quality with respect to E. coli, DEQ must ensure that the design flow increase proposed 
by the Sandpoint WWTP draft permit does not cumulatively decrease the remaining assimilative 
capacity of the river by more than ten percent taking into account the size and character of the 
discharge and the magnitude of its effect on the receiving water (IDAPA 58.01.02.052.08.a). 



Assimilative capacity is determined by comparing the background (ambient) concentration of a 
pollutant with the Water Quality Standard (WQS). The difference between these two numbers is 
the remaining assimilative capacity. 



Only two data sets were found to use for the establishment of a background level of E. coli 
concentration in the river above the WWTP discharge. There were 18 fecal coliform samples 
collected by the USGS at their monitoring station near Newport, WA from 1990 through 1995. 
The maximum value was 17 cfu/1 OOml and the average was 4 cfu/1 OOml. The other data set were 
26 samples taken by the Sandpoint Water Treatment Plant in 2008-2009; however, those samples 
were drawn from a 14-25 foot depth depending on season, and may not be representative of 
bacteria levels closer to the surface where most recreational use occurs. The maximum value of 
this data set was 3 cfu/1 OOml. A background value of 4 cfu/1 OOml was selected for this analysis. 



Analysis 



• Background concentration upstream of Sandpoint discharge: 4 cfu/1 OOml 



• E. coli effluent limit that must be met at the "end of the pipe" i.e. no mixing zone 
authorized: 126 cfu/100ml 



• Remaining assimilative capacity: 126-4 = 122 cfu/100ml 



• Ten percent of 122 cfu/100ml is: 12.2;::::; 12 cfu/100ml. This is the amount of E. coli that 
can be added to the river before the amount becomes significant. 



• Sandpoint proposes to increase their current design flow from 3.0 mgd (4.64 cfs) to 5.0 
mgd (7.7 cfs). 



• Effluent concentration (from draft permit average monthly limit): 126 cfu/100ml 



• In-river 30Q5 flow (critical low flow for non-carcinogenic human health criteria; see 
Revised Fact Sheet Appendix C)= 7,360 cfs 
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Results 
Current Mixed Concentration= 4.08 cfu/1 OOml 
Proposed Mixed Concentration= 4.13 cfu/100ml 



4.13-4.08 = 0.05 cfu/100ml (or 0.05/122 = 0.04%) is the reduction in assimilative capacity 
from the current design flow to the proposed design flow. This proposed increase of E. coli does 
not exceed 10% of the remaining assimilative capacity and considering the character of the 
discharge and magnitude of its effect on the Pend Oreille River, the Department has determined 
that this decrease is not a significant degradation of river water quality. 



Formula used to calculate mixed concentrations: 



Mixed Concentration= Cm = [ (Ce * Qe) +(Cu * Qu)] I (Qe+Qu) 



Where: 



Cm = Mixed Concentration (!lg/L) 
Ce = Effluent Concentration (!lgiL) 
Qe =Effluent Volume (liters, calculated as flow rate in cfs * constant 28.316) 
Cu = Upstream concentration (!lg/L) 
Qu =Upstream Volume (liters, calculated as flow rate in cfs *constant 28.316) 
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Appendix B 



Phosphorus and Antidegradation Review 



Background 
The Pend Oreille River is considered high quality for recreational uses and therefore, receives 
Tier 2 protection. Excess nutrients in a waterbody can create visible slime growths or other 
nuisance aquatic growths, impairing designated uses such as contact recreation. Pend Oreille 
River has a designated use for primary contact recreation. Phosphorus is likely the limiting 
nutrient for the growth of algae and other aquatic plants. To prevent the lowering of water 
quality with respect to total phosphorus, DEQ must ensure that the design flow increase 
proposed by the Sandpoint WWTP draft permit does not increase phosphorus in the river. 



Analysis 



• Background concentration upstream of Sandpoint discharge (see Revised Fact Sheet 
Appendix E): 7.3flg/L 



• Phosphorus target concentration to be met at edge of a 47.2% mixing zone (see Revised 
Fact Sheet Appendix E and IDAPA 58.01.02.200.06): lOf.lg/L 



• Sandpoint proposes to increase their current design flow from 3 mgd (4.64 cfs) to 5 mgd 
(7.74 cfs). 



• Current effluent concentration as calculated for the reasonable potential analysis 
(Revised Fact Sheet Appendix E) is * 5330flg/L which is the maximum effluent 
concentration between June 2010 and August 2015. 



• Proposed effluent limits for June-Sept is 1463flg/L and Oct-May is 2302flg/L (Fact 
Sheet Appendix E) 



• In-river 30Q 10 flow June- September= 6640 cfs and October- May 8260 cfs 



*IDAPA 58.01.02.052.06.a.iii indicates that the change in water quality for new permit limits for an 
existing discharge shall be calculated using the same statistical procedures used to determine the 
new effluent limits. The 5330 IJg/L concentration is what was used by EPA in the reasonable 
potential analysis Fact Sheet Appendix E. 



Results 
Current Mixed Concentration= summer: 11.0 flg/L winter: 10.3flg/L 



Both current concentrations exceed 10flg/L and therefore do not meet the water quality standard 
which is why EPA developed water quality-based effluent limits. These limits were verified and 
modified (a reduction) by CORMIX and CE-QUAL-W2 modeling efforts presented in Appendix 
C and D of this certification. The proposed water quality based limits are June-Sept 61 lbs/day 
(equivalent to a concentration of 1463flg/L) and Oct-May 96lbs/day (equivalent to a 
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concentration of2302!lgiL). Using the proposed effluent limits and the new design flow of 
5mgd the results are as follows: 



Proposed Mixed Concentrations= summer: 8.991-lg/L winter: 9.45!-lg/L 



Both seasons show a lowering of phosphorus in the river between current and proposed 
conditions and therefore, no degradation. 



Formula used to calculate mixed concentrations: 



Mixed Concentration= Cm = [ (Ce * Qe) +(Cu * Qu)] I (Qe+Qu) 



Where: 



Cm = Mixed Concentration (!lg/L) 
Ce =Effluent Concentration (!lgiL) 
Qe = Effluent Volume (liters, calculated as flow rate in cfs * constant 28 .316) 
Cu = Upstream concentration (!lgiL) 
Qu =Upstream Volume (liters, calculated as flow rate in cfs * constant 28.316) 
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Appendix C 



CORMIX Modeling of Phosphorus Plumes 



Background 
When DEQ considers authorizing a mixing zone that exceeds 25% of the volume of the 
receiving water, a mixing zone study may be performed to learn more about the effluent plume. 
CORMIX is an EPA-supported model for the analysis of wastewater discharges. This study was 
prompted because the draft permit added a first time effluent limit for phosphorus that would 
require a mixing zone greater than 25%. 



Treated effluent from the Sandpoint WWTP is discharged through a 3-foot diameter pipe laid on 
the bed of Pend Oreille River. The discharge pipe is positioned perpendicular to the riverbank in 
the vicinity of Birch Street and S. Ella Avenue in Sandpoint, Idaho. The pipe extends 925 feet 
into the river and is equipped with a 164-foot multi port diffuser. To put the flow values that are 
used in the modeling efforts into context, the average flow in the Pend Oreille River during July 
(1990-2012) was 26,396 cfs. 



Summer months are significant in that phosphorus from this discharge will be utilized by aquatic 
plants and algae which could adversely affect recreational uses of the river. As discussed in 
Appendix B, phosphorus is likely the limiting nutrient in the Pend Oreille River. It fuels the 
growth of aquatic plants which can impair recreational use by obstructing boat operation, 
entangling swimmers, create cloudy and objectionable smelling water, and coating the bottom 
with slimy algae growths and/or dense mats of plants that preclude fishing. By definition, the 
area within a mixing zone exceeds the water quality standard and therefore could experience 
these issues. Based on comments received from the first draft permit, some residents and river 
users indicate that this area of the river in the vicinity and downstream of the outfall already 
experience some adverse consequences due to excess phosphorus. DEQ has been supplied 
photos and monitoring data to support these claims. For these reasons, the mixing zone size is an 
important consideration that warrants closer examination. 



In addition to being the growing season, summer is typically when low flow conditions can occur 
and are the most challenging for mixing effluent and meeting provisions of the Idaho WQS for 
mixing zones (IDAPA 58.01.02.060). Specifically, the mixing zone rules most challenging for 
this discharge include: 



d. Mixing zones, individually or in combination with other mixing zones, shall not cause unreasonable 
interference with, or danger to, beneficial uses. Unreasonable interference with, or danger to, beneficial 
uses includes, but is not limited to, the following: (4-11-15) 



vi. Conditions which impede or prohibit recreation in or on the water body. Mixing zones shall not 
be authorized for E. coli. 



h. Mixing zones shall meet the following restrictions; provided, however, that the Department may 
authorize mixing zones that vary from the restrictions under the circumstances set forth in Subsection 
060.01.i. below: 



i. Forflowingwaters: (4-11-15) 
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(1 )The width of a mixing zone is not to exceed twenty-five percent (25%) of the stream width; and 
(4-11-15) 



(2)The mixing zone shall not include more than twenty-five percent (25%) of the low flow design 
discharge conditions as set forth in Subsection 21 0.03.b. of these rules. (4-11-15) 



j. The following elements shall be considered when designing an outfall: (4-11-15) 
i. Encourage rapid mixing to the extent possible. This may be done through careful location and 
design of the outfall; and (4-11-15) 



ii. Avoid shore-hugging plumes in those water bodies where the littoral zone is a major supply of 
food and cover for migrating fish and other aquatic life or where recreational activities are 
impacted by the plume. (4-11-15) 



DEQ may authorize a mixing zone that varies from the above rules, however it must not cause an 
unreasonable interference with, or danger to, beneficial uses and must meet certain other rules. 
To obtain a larger mixing zone, the discharger must provide DEQ with an analysis that 
demonstrates a larger mixing zone is needed given, siting, technological, and managerial options 
(IDAPA 58.01.02.060.i.ii). In this case, the proposed mixing zone is 47.2% June-September and 
60% October-May. The City of Sandpoint's justification is available from DEQ upon request. 



River Features That Affect the Discharge 
The Pend Oreille River is regulated by the Albani Falls dam located 27 river miles downstream 
of Sandpoint's outfall and is operated by the Army Corps of Engineers. A summer pool is 
maintained after spring runoff until early September when Pend Oreille Lake and the Pend 
Oreille River above the dam are drawn down for power generation. At the point of discharge, the 
river is approximately 1.8 miles wide but approximately 1.3 miles downstream, the river narrows 
considerably. Upstream of the discharge, a mile-long earthen jetty extends from the north 
riverbank carrying US Highway 95 across the river. This jetty creates an opening of 
approximately 1.1 miles for river passage. The discharge is located in an area protected from the 
main river flow by the jetty (see Image 1 ). 
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Image 1 Sandpoint Outfall and Surrounding Features 



The early CORMIX modeling scenarios completed in 2013 and referenced in the first draft 
certification for this permit used higher concentrations of phosphorus, a lower design flow of the 
WWTP, a stratified temperature profile, an assumption of river current, and a larger critical river 
flow. The resulting plume from each of the CORMIX model tuns was overlain on an aerial 
photo of the river as shown in Image 2. Site-specific information regarding the velocity of the 
river in the vicinity of the diffuser during various times of the summer was not available so 
estimates were made based on flow data elsewhere in the river and other available physical 
measurements. 



10002842 City of Sandpoint Wastewater Treatment Plant 18 











Idaho Department of Environmental Quality §401 Water Quality Certification 



Image 2 Early CORMIX Modeling Scenario Phosphorus Concentration of2867~-tg/L; 
Facility Design Flow of 3.62mgd and River Flow of 8,448cfs 



In Image 2, the effluent plume, which is the area that exceeds background phosphorus 
concentrations, is shaded in green. Also, under this scenario, due to the lack of temperature 
stratification from the bottom to the surface of the river and an assumption that a weak current 
exists, the plume rises slowly and begins to spread out rather than rapidly moving downstream. 
The pattern of spread is subject to localized currents from various forces such as shape of the 
river, wind, rainfall, boat traffic, etc. The black arrows attempt to show where these localized 
currents might be located due to the shape of the river. The CORMIX model cannot predict the 
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exact shape and size of this plume under these conditions so the green triangle shape could be 
highly altered depending on these localized currents. Higher river velocities would lessen the 
significance of localized currents. The plume extends almost bank to bank and there is a mile
long shore-hugging plume. 



As a result of the above modeling effort, it became apparent that site specific data would greatly 
help verify or change modeling assumptions. There was also the additional challenge to develop 
effluent limits that accommodated the City's desire for a 2mgd design flow increase and 
addressed public comment concerns about mixing zone size and the potential for adverse effects 
to river water quality. 



In response to this need, DEQ collected additional data during the summer of2015 and it was 
used to run both CORMIX and another model, CE-QUAL-W2, that can examine nutrient inputs 
to the river as a whole. This additional modeling effort using the CE-QUAL-W2 model is 
detailed in Appendix D of this certification. 



Results of the additional data collection and further examination of other data collection efforts 
indicated that flow at the diffuser location is limited largely to local phenomena rather than river 
flow (DEQ Staff Report 8-3-15). Temperature profiles also indicate a summertime uniform 
temperature in the diffuser area which inhibits mixing. DEQ StaffReport dated 12-17-15 
presents the outcome of mapping the river depths to determine the location of the river's thalweg 
(low flow channel). Results indicate that in the vicinity of the outfall the river's main flow 
closely follows the southern bank which is the opposite side of the river than the outfall and a 
distance of approximately 1.4 miles. This reinforces initial observations that during lower flows, 
the outfall is in a slack water location. 
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Image 3 Revised CORMIX Modeling Scenario Phosphorus Concentrations of 1463J.lg/L and 1899J.lg/L; Facility 
Design Flow of 5mgd; River Flow of 6,640cfs 



Image 3 illustrates the results of the CORMIX modeling effort that used the additional2015 river 
data and a lower summertime phosphorus concentration of 1463j..tg/L (which is equivalent to the 
proposed permit limit of61lbs/day from June-September). It also examined the average weekly 
permit limit of 79 lbs/day (June-September) which is equivalent to a concentration of 1899j..tg/L. 
The green shaded area represents the average monthly limit mixing zone and the yellow shaded 
area represents an additional area of mixing allowed by the average weekly limit. The red dotted 
line indicates that the mixing zone can pivot in any direction due to slack water at the diffuser 
location. The shape of the mixing zone is also variable depending on wind direction and speed, 
boat traffic and localized currents. The model also reflects a lower critical flow than shown in 
Image 2 based on comments from the Kalispel Tribe. 



In conclusion, existing conditions in the river indicate that the shape and size of the phosphorus 
plume created by the Sandpoint WWTP are not ideal. The point of discharge is in a slack water 
area and does not benefit from the main river flow during summer pool conditions. Increasing 
the amount of phosphorus as illustrated in Image 2, even by a relatively small amount, greatly 
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increases the size of the plume during low flow conditions. An increase is likely to be 
problematic for recreational uses and does not comply with DEQ's mixing zone policy. 



After reducing phosphorus concentrations during the critical low flow time period from the first 
draft permit, modeling results as illustrated in Image 3 reduced shore hugging plumes and shows 
a more localized mixing zone. These conditions better align with the mixing zone policy. 
Appendix D of this certification further investigates the effects of the proposed phosphorus limits 
on the river. 
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Appendix D 



CE-QUAL-W2 Phosphorus Modeling for Sandpoint WWTP 



Background 
In the 2008 Integrated Report, total phosphorus was added as a cause of impairment to the Pend 
Oreille River (the 31.8 mile long segment from Pend Oreille Lake to Priest River). After 
collection of data throughout this river length in 2009, DEQ concluded that the river was not 
impaired due to this nutrient and phosphorus was removed as a pollutant in the 2010 Integrated 
Report. DEQ also concluded at that time that the Pend Oreille River has little or no remaining 
assimilative capacity for phosphorus (2.7!lg/L before considering any of the three municipal 
discharges into the Pend Oreille River. See discussion in Appendix B). Ten percent of2.7ug/L is 
only a 0.027ug/L of phosphorus that can be increased without an approved alternatives analysis 
and socioeconomic justification. 



DEQ also recognizes that effluent limits for phosphorus in the proposed permit are based on very 
little effluent data. The current permit only requires quarterly monitoring. The quarters are based 
on the calendar year and the phosphorus monitoring data is reported on the last day of each 
quarter. The discharge monitoring reports (DMRs) do not indicate the day the actual samples 
were collected or the effluent flow associated with that timeframe. These factors can create a 
wide margin of error. 



Additional examination of the phosphorus monitoring data show that it is widely distributed 
(effluent flow 1 to 6.7mgd and concentrations from 0.8 to 5.33mg/L). Reasons for this spread 
are not clear since there are not enough data to determine correlations. Determining exactly what 
amount of phosphorus is currently being discharged to ensure no further loss of assimilative 
capacity is problematic given this data. For this and the above reasons, DEQ and EPA have 
approached the new effluent limits for phosphorus cautiously using the previously discussed 
CORMIX modeling to examine mixing zone characteristics and following this with the CE
QUAL-WE modeling scenarios to look at effects downriver of the proposed phosphorus effluent 
limits. Although the data is limited, there were some seasonal differences which allowed 
development of seasonal limits that reflect discharge amounts as reported on DMRs. These 
seasonal limits were used for the CE-QUAL-W-2 modeling scenarios. 



Modeling Approach 
The CORMIX modeling (Appendix C of this certification) examined the near field area of the 
discharge. A different type of model must be used to examine the future conditions further 
downstream. Fortunately, aCE-QUAL-W-2 model, which can examine far field effects of a 
proposed discharge, had been developed by the Army Corps of Engineers to examine 
temperature changes as a result of the Albani Falls dam on the Pend Oreille River. This model 
was revised in 2011by Portland State University to investigate various phosphorus scenarios in 
the river. In 2015 it was used by EPA to investigate the consequences of the proposed 
phosphorus permit limits for Sandpoint. 



The initial modeling scenario examined the consequence of a 5mgd phosphorus discharge during 
the July-September timeframe of 61lbs/day (1.46 average monthly concentrations) contrasted 
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with baseline conditions determined in 2009. Results of the model run were largely satisfactory 
except for periphyton biomass during the month of June. During this timeframe, periphyton 
biomass significantly departed from the existing condition. To improve the outcome of this 
timeframe, the month of June was included in the summertime seasonal timeframe with a limit of 
61lbs/day. This reduced the load of phosphorus in June from 96lbs/day to 61lbs/day. The 
model was re-run and the outcome was satisfactory and the effluent limits revised to reflect this 
reduction. Below are graphs that illustrate the modeling results. Existing periphyton conditions 
are indicated by the blue lines and proposed conditions are the green lines. The 96 lbs/day of 
phosphorus in June scenario is on the left and the proposed permit limit of 61 lbs/day in June is 
on the right. 



so 100 150 200 250 300 350 400 so 100 150 200 250 300 350 400 



Julian Day Julian Day 



Conclusion 



Because the phosphorus load in the river from this discharge, given the proposed limits, is 
approximately 23% of the total load in the river, this discharge has the potential for significant 
water quality effects. As we have stated, current amounts of phosphorus discharged from the 
facility are an approximation due to lack of a robust dataset. The proposed permit requires the 
collection of an adequate number of phosphorus samples to correct this problem. To compensate 
for the lack of data, modeling was completed, and as a result, effluent limits and critical flows 
were adjusted to provide an acceptable outcome. 
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Appendix E 



Arsenic, Zinc, Cyanide, Nickel Significance Test 



Background 
The Pend Oreille River is considered high quality for recreational uses. To prevent the lowering 
of water quality with respect to arsenic, zinc, cyanide and nickel, DEQ must ensure that the 
design flow increase proposed by the Sandpoint WWTP draft permit does not decrease the 
remaining assimilative capacity of the river for each of these metals by more than ten percent, 
taking into account the size and character of the discharge and the magnitude of its effect on the 
receiving water (IDAPA 58.01.02.052.08.a). 



Assimilative capacity is determined by comparing the background (ambient) concentration of a 
pollutant with the Water Quality Standard (WQS or criteria). The difference between these two 
numbers is the remaining assimilative capacity. Arsenic, zinc, cyanide and nickel have criteria 
related to human health (IDAPA 58.01.02.210.01) and thus are considered recreational uses. 
However, zinc cyanide and nickel also have cold water aquatic life criteria and they are much 
lower values than their human health criteria. Because cold water aquatic life in this waterbody 
receives Tier 1 protection, the more restrictive criteria must be used for this analysis. 



Upstream data for these metals was extremely limited to absent. Therefore, several conservative 
assumptions had to be made to complete this analysis. Upstream monitoring of these metals has 
been included in the draft permit. 



Analysis 



• Background concentrations upstream of the Sandpoint discharge for cyanide and nickel 
is assumed to be zero due to lack of data. Arsenic and zinc were measured in the Clark 
Fork River below the Cabinet Gorge dam. Results were arsenic::::; 1 J.lg/L and zinc 
ranged from no detection to 80J.!g/L with an average of 4J.lg/L. For this analysis zinc will 
be assumed to be the average value of the Clark Fork data due to the distance from the 
discharge and arsenic will be one half the detection limit or 0.5J.lg/L. To summarize 
background concentrations are: 



Zinc 4J.lg/L Arsenic 0.5J.lg/L Cyanide OJ.!g/L Nickel OJ.!g/L 



• Remaining assimilative capacity and 10% of remaining assimilative capacity: 



Zinc 72J.!g/L- 4J.lg/L = 68J.!g/L X .10 = 6.8J.lg/L 



Arsenic 1 OJ.! giL- 0.5 JlgiL = 9.5 J.lg/L X .1 0 = 0.95 J.lg/L 



Cyanide 5.2J.!g/L- 0 = 5.2J.lg/L X .10 = 0.5J.lg/L 



Nickel52J.!g/L- 0 = 52J.!g/L X .10 = 5J.!g/L 



These values are the amount of metals that can be added to the river before the amount 
becomes significant. 



• Sandpoint proposes to increase their current design flow from 3 mgd (4.64 cfs) to 5.0 
mgd (7.7 cfs). 
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• Effluent concentration 92nd percentile (from DMR data): 
Zinc 141 flg/L 
Arsenic 7flg/L 
Cyanide 0.6flg/L 
Nickel Oflg/L (no detection in DMR data 2001-2011) 



• In-river 7Q10 flow (critical low flow for chronic aquatic life criteria; see Revised Fact 
Sheet Appendix C)= 3,880 cfs 



Results 



Zinc Current Mixed Concentration= 4.l6flg/L 



Arsenic Current Mixed Concentration= 0.508 flg/L 



Cyanide Current Mixed Concentration= 0.0007flg/L 



Nickel Current Mixed Concentration= Oflg/L 



Proposed Concentration=4.27flg/L 



Proposed Concentration=0.512flg/L 



Proposed Concentration=O. 0012 flg/L 



Proposed Concentration= Oflg/L 



The additional load of zinc will decrease the remaining assimilative capacity by O.Ollflg/L or 
0.16% ofthe remaining assimilative capacity of6.8flg/L. 



The additional load of arsenic will decrease the remaining assimilative capacity by 0.004flg/L or 
0.42% ofthe remaining assimilative capacity of0.95flg/L. 



The additional load of cyanide will decrease the remaining assimilative capacity by 0.0005flg/L 
or 0.1% of the remaining assimilative capacity of 0.5flg/L. 



There will be no additional load of nickel. 



The additional load of zinc, arsenic, cyanide and nickel resulting from the design flow increase, 
will not exceed 10% of the remaining assimilative capacity for any of these pollutants, and 
considering the size and character of the discharge and the magnitude of its effect, these 
increases of pollutants are not a significant degradation of river water quality. 



Formula used to calculate mixed concentrations: 



Mixed Concentration= Cm = [ (Ce * Qe) +(Cu * Qu)] I (Qe+Qu) 



Where: 



Cm =Mixed Concentration (flg/L) 
Ce = Effluent Concentration (flg/L) 
Qe =Effluent Volume (liters, calculated as flow rate in cfs * constant 28.316) 
Cu = Upstream concentration (flg/L) 
Qu =Upstream Volume (liters, calculated as flow rate in cfs *constant 28.316) 
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From: Mark.Shumar@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov
Subject: RE: cormix
Date: Monday, August 15, 2016 3:38:34 PM
Attachments: sdpt_TP_unbound_unstrat.cmx


sdpt_TP_unbound_unstrat.prd


Brian, I found one more. If this doesn’t do it, then I have not retained the file.


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Monday, August 15, 2016 4:26 PM
To: Mark Shumar
Cc: June Bergquist
Subject: RE: cormix
Mark:
Unfortunately, I don’t think this is quite what I’m looking for. These input files have the ambient flow
co-flowing with the diffuser ports; they don’t use the funny angles that were measured in the field


and that you were asking me about in your e-mail of October 5th, 2015. The one prediction file you
sent to me had a time stamp of September 4, 2015, which was before our discussion at the
beginning of this thread.
As far as I can tell, the modeling that’s described in Appendix D to the February 2016 revised draft
certification would have been done in October 2015 or later.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Mark.Shumar@deq.idaho.gov [mailto:Mark.Shumar@deq.idaho.gov] 
Sent: Thursday, August 11, 2016 4:14 PM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Cc: June.Bergquist@deq.idaho.gov
Subject: RE: cormix
Brian,
I think it is these files. But, it has been a while since I looked at any of this stuff.


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Thursday, August 11, 2016 3:47 PM
To: Mark Shumar
Subject: RE: cormix
Mark:
Would you please send to me the input and prediction files (and other output files if you have them)
for the Cormix modeling that is described in Appendix D to the February 2016 revised draft
certification for the City of Sandpoint (attached for your reference)? I’m referring to the model runs
that use the velocity that was measured in the field, as opposed to the estimated velocity that was
used in the earlier runs.
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CORMIX2 PREDICTION FILE:
22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222
                       CORMIX MIXING ZONE EXPERT SYSTEM
               Subsystem CORMIX2: Multiport Diffuser Discharges
                             CORMIX Version 9.0GTD                   
                     HYDRO2 Version 9.0.0.0 September 2014   
----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------
CASE DESCRIPTION
 Site name/label:   Sandpoint TP unbounded                                 
 Design case:       non-stratification                                     
 FILE NAME:         C:\...1certs\sandpoint 2013\sdpt_TP_unbound_unstrat.prd
 Time stamp:        Mon Oct 19 14:01:39 2015
 
ENVIRONMENT PARAMETERS (metric units)
 Unbounded section
 HA    =      6.71  HD    =      5.18
 UA    =      0.061 F     =      0.104 USTAR =0.6953E-02
 UW    =      2.000 UWSTAR=0.2198E-02
 Uniform density environment
 STRCND=  U         RHOAM =  999.4994
 
DIFFUSER DISCHARGE PARAMETERS (metric units)
 Diffuser type:     DITYPE= unidirectional_perpendicular            
 BANK  =  LEFT      DISTB =    255.00  YB1   =    234.28  YB2   =    275.72
 LD    =     49.99  NOPEN =   41       SPAC  =      1.25
 D0    =      0.076 A0    =      0.005 H0    =      0.41  SUB0  =      4.78
 D0INP =      0.076 CR0   =      1.000
 Nozzle/port arrangement:   unidirectional_without_fanning          
 GAMMA =     56.00  THETA =      0.00  SIGMA =    146.00  BETA  =     90.00
 U0    =      1.172 Q0    =      0.219       =0.2191E+00
 RHO0  =  998.6698  DRHO0 =0.8296E+00  GP0   =0.8140E-02
 C0    =0.2300E+01  CUNITS=  mg/l                          
 IPOLL =  1         KS    =0.0000E+00  KD    =0.0000E+00
 
FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (metric units)
 q0    =0.4382E-02  m0    =0.5134E-02  j0    =0.3567E-04  SIGNJ0=      1.0
 Associated 2-d length scales (meters)
 lQ=B  =      0.004 lM    =      4.73  lm    =      1.38
 lmp   =  99999.00  lbp   =  99999.00  la    =  99999.00
 
FLUX VARIABLES - ENTIRE DIFFUSER (metric units)
 Q0    =0.2191E+00  M0    =0.2566E+00  J0    =0.1783E-02
 Associated 3-d length scales (meters)
 LQ    =      0.07  LM    =      8.54  Lm    =      8.31  Lb    =      7.87
                                       Lmp   =  99999.00  Lbp   =  99999.00
 
NON-DIMENSIONAL PARAMETERS
 FR0   =    212.33  FRD0  =     47.04  R     =     19.22  PL    =   12.43
 (slot)             (port/nozzle)
 
RECOMPUTED SOURCE CONDITIONS FOR RISER GROUPS:
 Properties of riser group with  1 ports/nozzles each:
 U0    =      1.172 D0    =      0.076 A0    =      0.005 THETA =      0.00
 FR0   =    212.33  FRD0  =     47.04  R     =     19.22
 (slot)             (riser group)
 
FLOW CLASSIFICATION
 222222222222222222222222222222222222222222
 2  Flow class (CORMIX2)      =    MU2    2  
 2  Applicable layer depth HS =     5.18  2
 222222222222222222222222222222222222222222
 
MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS
 C0    =0.2300E+01  CUNITS=  mg/l                          
 NTOX  =  0
 NSTD  =  1         CSTD  =0.1000E-01
 REGMZ =  0
 XINT  =  10000.00  XMAX  =  10000.00
 
X-Y-Z COORDINATE SYSTEM:
    ORIGIN is located at the bottom and the diffuser mid-point:
       255.00 m  from the LEFT  bank/shore.
    X-axis points downstream, Y-axis points to left, Z-axis points upward.
NSTEP =  50 display intervals per module
----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------
BEGIN MOD201: DIFFUSER DISCHARGE MODULE                                       
 
 Due to complex near-field motions:  EQUIVALENT SLOT DIFFUSER (2-D) GEOMETRY
  
 Profile definitions:
   BV = Gaussian 1/e (37%) half-width, in vertical plane normal to trajectory
   BH = top-hat half-width, in horizontal plane normal to trajectory
   S  = hydrodynamic centerline dilution
   C  = centerline concentration (includes reaction effects, if any)
   Uc = Local centerline excess velocity (above ambient)
   TT = Cumulative travel time
 
       X        Y       Z        S       C       BV       BH       Uc        TT
      0.00     0.00    0.41     1.0 0.230E+01   0.00    24.99     1.222   .00000E+00
 
END OF MOD201: DIFFUSER DISCHARGE MODULE                                      
----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------
BEGIN MOD271: ACCELERATION ZONE OF UNIDIRECTIONAL CO-FLOWING DIFFUSER         
 
 In this laterally contracting zone the diffuser plume becomes VERTICALLY FULLY 
  MIXED over the entire layer depth (HS =    5.18m).
   Full mixing is achieved after a plume distance of about five
   layer depths from the diffuser.
 
 Profile definitions:
   BV = layer depth (vertically mixed)
   BH = top-hat half-width, in horizontal plane normal to trajectory
   S  = hydrodynamic average (bulk) dilution
   C  = average (bulk) concentration (includes reaction effects, if any)
   TT = Cumulative travel time
 
       X        Y       Z        S       C       BV       BH        TT
     -0.00     0.00    0.41     1.0 0.230E+01   0.00    24.99 .00000E+00
     -0.41     0.28    0.45     7.1 0.325E+00   0.10    24.74 .23153E+01
     -0.83     0.56    0.49     9.6 0.239E+00   0.21    24.51 .57952E+01
     -1.24     0.84    0.53    11.5 0.199E+00   0.31    24.28 .98614E+01
     -1.66     1.12    0.57    13.2 0.175E+00   0.41    24.07 .14333E+02
     -2.07     1.40    0.62    14.6 0.157E+00   0.52    23.88 .19115E+02
     -2.49     1.68    0.66    15.9 0.145E+00   0.62    23.69 .24148E+02
     -2.90     1.96    0.70    17.1 0.135E+00   0.73    23.51 .29390E+02
     -3.32     2.24    0.74    18.2 0.126E+00   0.83    23.35 .34812E+02
     -3.73     2.52    0.78    19.3 0.119E+00   0.93    23.19 .40390E+02
     -4.14     2.80    0.83    20.2 0.114E+00   1.04    23.04 .46106E+02
     -4.56     3.07    0.87    21.2 0.109E+00   1.14    22.90 .51946E+02
     -4.97     3.35    0.91    22.1 0.104E+00   1.24    22.76 .57899E+02
     -5.39     3.63    0.95    22.9 0.100E+00   1.35    22.63 .63952E+02
     -5.80     3.91    1.00    23.8 0.968E-01   1.45    22.51 .70100E+02
     -6.22     4.19    1.04    24.6 0.936E-01   1.55    22.39 .76333E+02
     -6.63     4.47    1.08    25.3 0.908E-01   1.66    22.28 .82645E+02
     -7.04     4.75    1.12    26.1 0.882E-01   1.76    22.18 .89032E+02
     -7.46     5.03    1.16    26.8 0.858E-01   1.87    22.07 .95488E+02
     -7.87     5.31    1.21    27.5 0.836E-01   1.97    21.98 .10201E+03
     -8.29     5.59    1.25    28.2 0.815E-01   2.07    21.89 .10859E+03
     -8.70     5.87    1.29    28.9 0.796E-01   2.18    21.80 .11523E+03
     -9.12     6.15    1.33    29.5 0.779E-01   2.28    21.71 .12192E+03
     -9.53     6.43    1.37    30.2 0.762E-01   2.38    21.63 .12867E+03
     -9.95     6.71    1.42    30.8 0.747E-01   2.49    21.55 .13546E+03
    -10.36     6.99    1.46    31.4 0.732E-01   2.59    21.48 .14230E+03
    -10.77     7.27    1.50    32.0 0.718E-01   2.69    21.41 .14918E+03
    -11.19     7.55    1.54    32.6 0.705E-01   2.80    21.34 .15611E+03
    -11.60     7.83    1.59    33.2 0.693E-01   2.90    21.28 .16307E+03
    -12.02     8.11    1.63    33.8 0.681E-01   3.01    21.22 .17008E+03
    -12.43     8.39    1.67    34.3 0.670E-01   3.11    21.17 .17712E+03
    -12.85     8.67    1.71    34.9 0.659E-01   3.21    21.11 .18420E+03
    -13.26     8.94    1.75    35.4 0.649E-01   3.32    21.07 .19131E+03
    -13.68     9.22    1.80    36.0 0.640E-01   3.42    21.02 .19845E+03
    -14.09     9.50    1.84    36.5 0.630E-01   3.52    20.98 .20562E+03
    -14.50     9.78    1.88    37.0 0.622E-01   3.63    20.94 .21283E+03
    -14.92    10.06    1.92    37.5 0.613E-01   3.73    20.90 .22006E+03
    -15.33    10.34    1.97    38.0 0.605E-01   3.83    20.87 .22733E+03
    -15.75    10.62    2.01    38.5 0.597E-01   3.94    20.85 .23462E+03
    -16.16    10.90    2.05    39.0 0.590E-01   4.04    20.82 .24194E+03
    -16.58    11.18    2.09    39.5 0.583E-01   4.15    20.80 .24928E+03
    -16.99    11.46    2.13    40.0 0.576E-01   4.25    20.78 .25665E+03
    -17.41    11.74    2.18    40.4 0.569E-01   4.35    20.76 .26404E+03
    -17.82    12.02    2.22    40.9 0.562E-01   4.46    20.75 .27145E+03
    -18.23    12.30    2.26    41.4 0.556E-01   4.56    20.73 .27889E+03
    -18.65    12.58    2.30    41.8 0.550E-01   4.66    20.72 .28635E+03
    -19.06    12.86    2.34    42.3 0.544E-01   4.77    20.71 .29383E+03
    -19.48    13.14    2.39    42.7 0.538E-01   4.87    20.71 .30134E+03
    -19.89    13.42    2.43    43.2 0.533E-01   4.97    20.70 .30886E+03
    -20.31    13.70    2.47    43.6 0.528E-01   5.08    20.70 .31640E+03
    -20.72    13.98    2.51    44.0 0.522E-01   5.18    20.69 .32396E+03
 Cumulative travel time =         323.9636 sec  (    0.09 hrs)
   Plume centerline may exhibit slight discontinuities in transition
     to subsequent far-field module.
 
END OF MOD271: ACCELERATION ZONE OF UNIDIRECTIONAL CO-FLOWING DIFFUSER        
----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------
BEGIN MOD251: DIFFUSER PLUME IN CO-FLOW                                       
 
 Phase 1: Vertically mixed, Phase 2: Re-stratified
 
 Phase 1: The diffuser plume is VERTICALLY FULLY MIXED over the
          entire layer depth.
 This flow region is INSIGNIFICANT in spatial extent and will be by-passed.
-----------------------------------------------------------------------------------------------
 Phase 2: The flow has RESTRATIFIED at the beginning of this zone.
 
 This flow region is INSIGNIFICANT in spatial extent and will be by-passed.
 
END OF MOD251: DIFFUSER PLUME IN CO-FLOW                                      
----------------------------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) **
  
 The initial plume WIDTH values in the next far-field module will be 
  CORRECTED by a factor  0.86 to conserve the mass flux in the far-field!
----------------------------------------------------------------------------------------------
BEGIN MOD241: BUOYANT AMBIENT SPREADING                                       
 
 Profile definitions:
   BV = top-hat thickness, measured vertically
   BH = top-hat half-width, measured horizontally in y-direction
   ZU = upper plume boundary (Z-coordinate)
   ZL = lower plume boundary (Z-coordinate)
   S  = hydrodynamic average (bulk) dilution
   C  = average (bulk) concentration (includes reaction effects, if any)
   TT = Cumulative travel time
 
 Plume Stage 1 (not bank attached):
       X        Y       Z        S       C       BV       BH      ZU      ZL       TT
    -20.72    13.98    5.18    44.0 0.522E-01   5.18    15.27    5.18    0.00   .32396E+03
     -6.33    13.98    5.18    47.4 0.485E-01   4.24    20.07    5.18    0.94   .56005E+03
      8.06    13.98    5.18    50.1 0.459E-01   3.70    24.34    5.18    1.48   .79614E+03
     22.45    13.98    5.18    52.5 0.438E-01   3.34    28.27    5.18    1.84   .10322E+04
     36.85    13.98    5.18    54.8 0.420E-01   3.08    31.94    5.18    2.10   .12683E+04
     51.24    13.98    5.18    57.1 0.403E-01   2.90    35.41    5.18    2.29   .15044E+04
     65.63    13.98    5.18    59.3 0.388E-01   2.75    38.71    5.18    2.43   .17405E+04
     80.02    13.98    5.18    61.7 0.373E-01   2.65    41.87    5.18    2.53   .19766E+04
     94.41    13.98    5.18    64.2 0.358E-01   2.57    44.92    5.18    2.62   .22127E+04
    108.81    13.98    5.18    66.8 0.345E-01   2.51    47.87    5.18    2.68   .24487E+04
    123.20    13.98    5.18    69.5 0.331E-01   2.46    50.72    5.18    2.72   .26848E+04
    137.59    13.98    5.18    72.4 0.318E-01   2.43    53.50    5.18    2.75   .29209E+04
    151.98    13.98    5.18    75.5 0.305E-01   2.41    56.21    5.18    2.77   .31570E+04
    166.37    13.98    5.18    78.7 0.292E-01   2.40    58.85    5.18    2.78   .33931E+04
    180.76    13.98    5.18    82.2 0.280E-01   2.40    61.43    5.18    2.78   .36292E+04
    195.16    13.98    5.18    85.9 0.268E-01   2.41    63.96    5.18    2.77   .38653E+04
    209.55    13.98    5.18    89.8 0.256E-01   2.43    66.44    5.18    2.75   .41013E+04
    223.94    13.98    5.18    93.9 0.245E-01   2.45    68.87    5.18    2.73   .43374E+04
    238.33    13.98    5.18    98.2 0.234E-01   2.48    71.26    5.18    2.71   .45735E+04
    252.72    13.98    5.18   102.8 0.224E-01   2.51    73.61    5.18    2.67   .48096E+04
    267.12    13.98    5.18   107.6 0.214E-01   2.55    75.92    5.18    2.63   .50457E+04
    281.51    13.98    5.18   112.7 0.204E-01   2.59    78.20    5.18    2.59   .52818E+04
    295.90    13.98    5.18   118.1 0.195E-01   2.64    80.44    5.18    2.54   .55179E+04
    310.29    13.98    5.18   123.7 0.186E-01   2.69    82.65    5.18    2.49   .57539E+04
    324.68    13.98    5.18   129.5 0.178E-01   2.74    84.84    5.18    2.44   .59900E+04
    339.07    13.98    5.18   135.7 0.170E-01   2.80    86.99    5.18    2.38   .62261E+04
    353.47    13.98    5.18   142.1 0.162E-01   2.86    89.12    5.18    2.32   .64622E+04
    367.86    13.98    5.18   148.8 0.155E-01   2.93    91.23    5.18    2.25   .66983E+04
    382.25    13.98    5.18   155.7 0.148E-01   3.00    93.31    5.18    2.18   .69344E+04
    396.64    13.98    5.18   163.0 0.141E-01   3.07    95.36    5.18    2.11   .71705E+04
    411.03    13.98    5.18   170.6 0.135E-01   3.15    97.40    5.18    2.04   .74066E+04
    425.43    13.98    5.18   178.4 0.129E-01   3.22    99.41    5.18    1.96   .76426E+04
    439.82    13.98    5.18   186.5 0.123E-01   3.31   101.41    5.18    1.88   .78787E+04
    454.21    13.98    5.18   195.0 0.118E-01   3.39   103.38    5.18    1.79   .81148E+04
    468.60    13.98    5.18   203.8 0.113E-01   3.48   105.34    5.18    1.71   .83509E+04
    482.99    13.98    5.18   212.8 0.108E-01   3.56   107.28    5.18    1.62   .85870E+04
    497.38    13.98    5.18   222.2 0.104E-01   3.66   109.20    5.18    1.53   .88231E+04
** WATER QUALITY STANDARD OR CCC HAS BEEN FOUND **
 The pollutant concentration in the plume falls below water quality standard
   or CCC value of 0.100E-01 in the current prediction interval.
 This is the spatial extent of concentrations exceeding the water quality 
   standard or CCC value.
    511.78    13.98    5.18   231.9 0.992E-02   3.75   111.10    5.18    1.43   .90592E+04
    526.17    13.98    5.18   241.9 0.951E-02   3.85   112.99    5.18    1.34   .92952E+04
    540.56    13.98    5.18   252.2 0.912E-02   3.95   114.87    5.18    1.24   .95313E+04
    554.95    13.98    5.18   262.9 0.875E-02   4.05   116.72    5.18    1.13   .97674E+04
    569.34    13.98    5.18   273.9 0.840E-02   4.15   118.57    5.18    1.03   .10004E+05
    583.74    13.98    5.18   285.2 0.806E-02   4.26   120.40    5.18    0.93   .10240E+05
    598.13    13.98    5.18   296.9 0.775E-02   4.36   122.21    5.18    0.82   .10476E+05
    612.52    13.98    5.18   308.9 0.745E-02   4.47   124.02    5.18    0.71   .10712E+05
    626.91    13.98    5.18   321.2 0.716E-02   4.59   125.81    5.18    0.59   .10948E+05
    641.30    13.98    5.18   333.9 0.689E-02   4.70   127.58    5.18    0.48   .11184E+05
    655.70    13.98    5.18   346.9 0.663E-02   4.82   129.35    5.18    0.36   .11420E+05
    670.09    13.98    5.18   360.3 0.638E-02   4.94   131.10    5.18    0.24   .11656E+05
    684.48    13.98    5.18   374.0 0.615E-02   5.06   132.85    5.18    0.12   .11892E+05
    698.87    13.98    5.18   388.1 0.593E-02   5.18   134.58    5.18    0.00   .12128E+05
 Cumulative travel time =       12128.2764 sec  (    3.37 hrs)
 
END OF MOD241: BUOYANT AMBIENT SPREADING                                      
----------------------------------------------------------------------------------------------
 Bottom coordinate for FAR-FIELD is determined by average depth, ZFB = -1.52m
----------------------------------------------------------------------------------------------
BEGIN MOD261: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT                       
 
  Vertical diffusivity (initial value)   = 0.728E-02 m^2/s
  Horizontal diffusivity (initial value) = 0.103E+01 m^2/s
 
 Profile definitions:
   BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically
      = or equal to layer depth, if fully mixed
   BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width,
        measured horizontally in Y-direction
   ZU = upper plume boundary (Z-coordinate)
   ZL = lower plume boundary (Z-coordinate)
   S  = hydrodynamic centerline dilution
   C  = centerline concentration (includes reaction effects, if any)
   TT = Cumulative travel time
 
 Plume Stage 1 (not bank attached):
       X        Y       Z        S       C       BV       BH      ZU      ZL       TT
    698.87    13.98    5.18   388.1 0.593E-02   5.18   134.58    5.18    0.00   .12128E+05
    708.55    13.98    5.18   398.9 0.577E-02   5.25   136.50    5.18    0.00   .12287E+05
    718.23    13.98    5.18   409.9 0.561E-02   5.32   138.43    5.18    0.00   .12446E+05
    727.90    13.98    5.18   421.2 0.546E-02   5.39   140.37    5.18    0.00   .12605E+05
    737.58    13.98    5.18   432.7 0.531E-02   5.46   142.32    5.18    0.00   .12763E+05
    747.26    13.98    5.18   444.6 0.517E-02   5.54   144.27    5.18    0.00   .12922E+05
    756.94    13.98    5.18   456.6 0.504E-02   5.61   146.24    5.18    0.00   .13081E+05
    766.62    13.98    5.18   468.9 0.490E-02   5.68   148.22    5.18    0.00   .13240E+05
    776.29    13.98    5.18   481.5 0.478E-02   5.76   150.20    5.18    0.00   .13398E+05
    785.97    13.98    5.18   494.4 0.465E-02   5.84   152.19    5.18    0.00   .13557E+05
    795.65    13.98    5.18   507.5 0.453E-02   5.91   154.19    5.18    0.00   .13716E+05
    805.33    13.98    5.18   521.0 0.441E-02   5.99   156.20    5.18    0.00   .13875E+05
    815.01    13.98    5.18   534.6 0.430E-02   6.07   158.22    5.18    0.00   .14033E+05
    824.68    13.98    5.18   548.6 0.419E-02   6.15   160.25    5.18    0.00   .14192E+05
    834.36    13.98    5.18   562.9 0.409E-02   6.23   162.29    5.18    0.00   .14351E+05
    844.04    13.98    5.18   577.4 0.398E-02   6.31   164.33    5.18    0.00   .14510E+05
    853.72    13.98    5.18   592.2 0.388E-02   6.40   166.38    5.18    0.00   .14668E+05
    863.40    13.98    5.18   607.4 0.379E-02   6.48   168.45    5.18    0.00   .14827E+05
    873.08    13.98    5.18   622.8 0.369E-02   6.56   170.52    5.18    0.00   .14986E+05
    882.75    13.98    5.18   638.5 0.360E-02   6.65   172.59    5.18    0.00   .15145E+05
    892.43    13.98    5.18   652.0 0.353E-02   6.71   174.68    5.18    0.00   .15303E+05
    902.11    13.98    5.18   659.8 0.349E-02   6.71   176.78    5.18    0.00   .15462E+05
    911.79    13.98    5.18   667.6 0.344E-02   6.71   178.88    5.18    0.00   .15621E+05
    921.47    13.98    5.18   675.5 0.340E-02   6.71   180.99    5.18    0.00   .15780E+05
    931.14    13.98    5.18   683.4 0.337E-02   6.71   183.11    5.18    0.00   .15939E+05
    940.82    13.98    5.18   691.4 0.333E-02   6.71   185.24    5.18    0.00   .16097E+05
    950.50    13.98    5.18   699.3 0.329E-02   6.71   187.38    5.18    0.00   .16256E+05
    960.18    13.98    5.18   707.4 0.325E-02   6.71   189.52    5.18    0.00   .16415E+05
    969.86    13.98    5.18   715.4 0.322E-02   6.71   191.67    5.18    0.00   .16574E+05
    979.53    13.98    5.18   723.5 0.318E-02   6.71   193.84    5.18    0.00   .16732E+05
    989.21    13.98    5.18   731.5 0.314E-02   6.71   196.00    5.18    0.00   .16891E+05
    998.89    13.98    5.18   739.7 0.311E-02   6.71   198.18    5.18    0.00   .17050E+05
   1008.57    13.98    5.18   747.8 0.308E-02   6.71   200.37    5.18    0.00   .17209E+05
   1018.25    13.98    5.18   756.0 0.304E-02   6.71   202.56    5.18    0.00   .17367E+05
   1027.92    13.98    5.18   764.2 0.301E-02   6.71   204.76    5.18    0.00   .17526E+05
   1037.60    13.98    5.18   772.5 0.298E-02   6.71   206.97    5.18    0.00   .17685E+05
   1047.28    13.98    5.18   780.7 0.295E-02   6.71   209.18    5.18    0.00   .17844E+05
   1056.96    13.98    5.18   789.0 0.291E-02   6.71   211.41    5.18    0.00   .18002E+05
   1066.64    13.98    5.18   797.4 0.288E-02   6.71   213.64    5.18    0.00   .18161E+05
   1076.31    13.98    5.18   805.7 0.285E-02   6.71   215.88    5.18    0.00   .18320E+05
   1085.99    13.98    5.18   814.1 0.283E-02   6.71   218.13    5.18    0.00   .18479E+05
   1095.67    13.98    5.18   822.5 0.280E-02   6.71   220.39    5.18    0.00   .18637E+05
   1105.35    13.98    5.18   831.0 0.277E-02   6.71   222.65    5.18    0.00   .18796E+05
   1115.03    13.98    5.18   839.5 0.274E-02   6.71   224.92    5.18    0.00   .18955E+05
   1124.70    13.98    5.18   848.0 0.271E-02   6.71   227.20    5.18    0.00   .19114E+05
   1134.38    13.98    5.18   856.5 0.269E-02   6.71   229.49    5.18    0.00   .19273E+05
   1144.06    13.98    5.18   865.1 0.266E-02   6.71   231.78    5.18    0.00   .19431E+05
   1153.74    13.98    5.18   873.7 0.263E-02   6.71   234.08    5.18    0.00   .19590E+05
   1163.42    13.98    5.18   882.3 0.261E-02   6.71   236.39    5.18    0.00   .19749E+05
   1173.10    13.98    5.18   890.9 0.258E-02   6.71   238.71    5.18    0.00   .19908E+05
   1182.77    13.98    5.18   899.6 0.256E-02   6.71   241.03    5.18    0.00   .20066E+05
 Cumulative travel time =       20066.3164 sec  (    5.57 hrs)
 
----------------------------------------------------------------------------------------------
 Plume Stage 2 (bank attached):
       X        Y       Z        S       C       BV       BH      ZU      ZL       TT
   1182.77   255.00    5.18   899.6 0.256E-02   6.71   482.06    5.18    0.00   .20066E+05
   1359.12   255.00    5.18  1001.2 0.230E-02   6.71   536.48    5.18    0.00   .22959E+05
   1535.46   255.00    5.18  1106.3 0.208E-02   6.71   592.81    5.18    0.00   .25852E+05
   1711.81   255.00    5.18  1214.8 0.189E-02   6.71   650.98    5.18    0.00   .28745E+05
   1888.15   255.00    5.18  1326.7 0.173E-02   6.71   710.93    5.18    0.00   .31637E+05
   2064.50   255.00    5.18  1441.8 0.160E-02   6.71   772.63    5.18    0.00   .34530E+05
   2240.84   255.00    5.18  1560.1 0.147E-02   6.71   836.01    5.18    0.00   .37423E+05
   2417.18   255.00    5.18  1681.5 0.137E-02   6.71   901.03    5.18    0.00   .40316E+05
   2593.53   255.00    5.18  1805.8 0.127E-02   6.71   967.66    5.18    0.00   .43209E+05
   2769.87   255.00    5.18  1933.1 0.119E-02   6.71  1035.85    5.18    0.00   .46101E+05
   2946.22   255.00    5.18  2063.2 0.111E-02   6.71  1105.58    5.18    0.00   .48994E+05
   3122.56   255.00    5.18  2196.1 0.105E-02   6.71  1176.80    5.18    0.00   .51887E+05
   3298.91   255.00    5.18  2331.7 0.986E-03   6.71  1249.49    5.18    0.00   .54780E+05
   3475.25   255.00    5.18  2470.1 0.931E-03   6.71  1323.61    5.18    0.00   .57673E+05
   3651.60   255.00    5.18  2611.0 0.881E-03   6.71  1399.15    5.18    0.00   .60565E+05
   3827.94   255.00    5.18  2754.6 0.835E-03   6.71  1476.07    5.18    0.00   .63458E+05
   4004.29   255.00    5.18  2900.7 0.793E-03   6.71  1554.36    5.18    0.00   .66351E+05
   4180.63   255.00    5.18  3049.3 0.754E-03   6.71  1633.98    5.18    0.00   .69244E+05
   4356.97   255.00    5.18  3200.3 0.719E-03   6.71  1714.91    5.18    0.00   .72137E+05
   4533.32   255.00    5.18  3353.7 0.686E-03   6.71  1797.14    5.18    0.00   .75029E+05
   4709.66   255.00    5.18  3509.6 0.655E-03   6.71  1880.64    5.18    0.00   .77922E+05
   4886.01   255.00    5.18  3667.7 0.627E-03   6.71  1965.40    5.18    0.00   .80815E+05
   5062.35   255.00    5.18  3828.2 0.601E-03   6.71  2051.39    5.18    0.00   .83708E+05
   5238.70   255.00    5.18  3991.0 0.576E-03   6.71  2138.60    5.18    0.00   .86601E+05
   5415.04   255.00    5.18  4156.0 0.553E-03   6.71  2227.02    5.18    0.00   .89493E+05
   5591.39   255.00    5.18  4323.2 0.532E-03   6.71  2316.62    5.18    0.00   .92386E+05
   5767.73   255.00    5.18  4492.6 0.512E-03   6.71  2407.39    5.18    0.00   .95279E+05
   5944.08   255.00    5.18  4664.1 0.493E-03   6.71  2499.31    5.18    0.00   .98172E+05
   6120.42   255.00    5.18  4837.8 0.475E-03   6.71  2592.38    5.18    0.00   .10106E+06
   6296.77   255.00    5.18  5013.6 0.459E-03   6.71  2686.57    5.18    0.00   .10396E+06
   6473.11   255.00    5.18  5191.4 0.443E-03   6.71  2781.88    5.18    0.00   .10685E+06
   6649.46   255.00    5.18  5371.3 0.428E-03   6.71  2878.29    5.18    0.00   .10974E+06
   6825.80   255.00    5.18  5553.3 0.414E-03   6.71  2975.79    5.18    0.00   .11264E+06
   7002.15   255.00    5.18  5737.2 0.401E-03   6.71  3074.37    5.18    0.00   .11553E+06
   7178.49   255.00    5.18  5923.2 0.388E-03   6.71  3174.01    5.18    0.00   .11842E+06
   7354.83   255.00    5.18  6111.1 0.376E-03   6.71  3274.70    5.18    0.00   .12131E+06
   7531.18   255.00    5.18  6300.9 0.365E-03   6.71  3376.44    5.18    0.00   .12421E+06
   7707.52   255.00    5.18  6492.7 0.354E-03   6.71  3479.20    5.18    0.00   .12710E+06
   7883.87   255.00    5.18  6686.4 0.344E-03   6.71  3582.99    5.18    0.00   .12999E+06
   8060.21   255.00    5.18  6882.0 0.334E-03   6.71  3687.80    5.18    0.00   .13289E+06
   8236.56   255.00    5.18  7079.4 0.325E-03   6.71  3793.60    5.18    0.00   .13578E+06
   8412.90   255.00    5.18  7278.7 0.316E-03   6.71  3900.40    5.18    0.00   .13867E+06
   8589.25   255.00    5.18  7479.9 0.307E-03   6.71  4008.18    5.18    0.00   .14156E+06
   8765.59   255.00    5.18  7682.8 0.299E-03   6.71  4116.94    5.18    0.00   .14446E+06
   8941.94   255.00    5.18  7887.6 0.292E-03   6.71  4226.66    5.18    0.00   .14735E+06
   9118.28   255.00    5.18  8094.1 0.284E-03   6.71  4337.34    5.18    0.00   .15024E+06
   9294.63   255.00    5.18  8302.5 0.277E-03   6.71  4448.97    5.18    0.00   .15313E+06
   9470.97   255.00    5.18  8512.5 0.270E-03   6.71  4561.55    5.18    0.00   .15603E+06
   9647.32   255.00    5.18  8724.4 0.264E-03   6.71  4675.05    5.18    0.00   .15892E+06
   9823.66   255.00    5.18  8937.9 0.257E-03   6.71  4789.48    5.18    0.00   .16181E+06
  10000.01   255.00    5.18  9153.2 0.251E-03   6.71  4904.83    5.18    0.00   .16471E+06
 Cumulative travel time =      164705.8750 sec  (   45.75 hrs)
 
 Simulation limit based on maximum specified distance =  10000.00 m.
   This is the REGION OF INTEREST limitation.
 
END OF MOD261: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT                      
----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------
CORMIX2: Multiport Diffuser Discharges       End of Prediction File
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I’d ask June in the Coeur d’Alene office, but she’s currently out.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Mark.Shumar@deq.idaho.gov [mailto:Mark.Shumar@deq.idaho.gov] 
Sent: Monday, October 05, 2015 9:37 AM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: cormix
Brian, thanks for the call back. I knew that the angles were creating something different for the
endpoint values. I did not think of using cor-spy, that was a good idea. I happened to see your
diffuser endpoint values on your Figure 1 before you called and was able to get it to run. Thanks for
figuring that stuff out.
Mark L. Shumar
TMDL Specialist and Plant Ecologist
State Technical Services Office
Idaho Department of Environmental Quality
1410 N. Hilton St., Boise, ID 83706
208-373-0132 (v) 208-373-0143 (f)
Mark.Shumar@deq.idaho.gov
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From: Nickel, Brian
To: June Bergquist
Subject: Cormix User Manual
Date: Tuesday, August 23, 2016 4:10:00 PM
Attachments: User_Manual_RFS.pdf


June:
Following up on our conversation this afternoon, I’m attaching the Cormix user manual. Note that on
Page 61, it states that, “All pollutant concentrations in CORMIX should be entered as a concentration
excess (ΔC) above background.”
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=9483559E89D34E6D96093E7F5F811F72-NICKEL, BRIAN
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   Disclaimer



Disclaimer



The development of this document and the CORMIX modeling system has been funded in part by the U.S. 
Environmental Protection Agency. Mention of trade names or commercial products does not constitute 
endorsement or recommendation for use by the Environmental Protection Agency or the system authors. 



The CORMIX modeling system described in this manual is applied at the user’s own risk. Neither the U.S. 
Environmental Protection Agency nor the system authors can assume responsibility for system operation, 
output, interpretation, or use.
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   Author’s Note



Author’s Note



The development of CORMIX was initiated in 1986 as a research project to demonstrate practical application 
of	 artificial	 intelligence	 on	 desktop	 computers	 for	 environmental	 management.	 Due	 to	 the	 widespread	
misapplication of existing USEPA plume modeling techniques, a rule based expert systems approach was 
proposed to increase the level of model application to 85% of regulatory mixing zones. This new system 
would provide safe and reliable mixing zone analysis for conventional and toxic discharges in oceans, rivers, 
lakes, and estuaries. Dr. Thomas Barnwell, then of the USEPA Athens Laboratory, was the project manager 
in the initial development contract with Cornell University. Development continued at Cornell University until 
1996	 and	 then	 at	 Oregon	Graduate	 Institute	 until	 2005	 under	 a	 cooperative	 agreement	 with	 the	Office	 of	
Water,	Office	of	Science	and	Technology.		Dr.	Hiranmay	Biswas	and	Ms.	Lauren	Wisniewski	were	the	project	
managers. The USBR funded additional research at the Oregon Graduate Institute and then at Portland State 
University from 2003-2005 to extend the system to desalination discharges, with Mr. Kevin Price and Mr. Ken 
Yokoyama as the project managers.



Development of new system capabilities over the years since its inception has provided research support to 
dozens of graduate and undergraduate students at Cornell University, Oregon Graduate Institute, Portland 
State University, and the University of Karlsruhe, Germany. The authors and their graduate students have 
produced numerous Masters and Doctoral theses and have published dozens of papers in technical journals 
and conference proceedings detailing system performance. USEPA has published two technical documents 
detailing the technical aspects of the CORMIX1 system for single port discharges and the CORMIX2 system 
for	multiport	diffuser	discharges.	Scores	of	reports,	scientific	papers,	and	graduate	theses	from	other	authors	
detailing successful CORMIX application have been published.



CORMIX is broadly accepted as an easy-to-use yet powerful tool for accurate and reliable point source mixing 
analysis. Presently there are over 5000 registered CORMIX users worldwide, with about one third within the 
United States. We have offered technical training to nearly 1000 individuals in the Americas, Europe, and 
Asia in workshops sponsored by USEPA and others since 1990. CORMIX has been successfully applied 
by regulators, engineers, environmental scientists, and students worldwide to the design and monitoring of 
wastewater disposal systems in oceans, rivers, lakes, and estuaries. Because of it ability to simulate details 
of plume boundary interaction, important for ecological and human health risk assessment, CORMIX is 
recognized by regulatory authorities in all continents for environmental impact assessment.



The	 first	 version	 of	 this	 user’s	manual	 covering	CORMIX1	 (Version	 1.0)	was	 developed	with	 support	 from	
the National Council of the Paper Industry for Air and Stream Improvement Inc. (NCASI) and was published 
as Technical Bulletin No. 624 of NCASI (Jirka and Hinton, 1992).  A revised manual covering CORMIX1, 
CORMIX2, and CORMIX3 was published in 1996 by Cornell University and USEPA. The release of CORMIX 
Version	 5.0	 in	 2007,	 with	 many	 new	 features	 and	 improved	 capabilities,	 prompted	 an	 update	 of	 the	 user	
manual.  The present version of the user manual was completed under contract by MixZon Inc.



The authors would like to acknowledge the efforts of the following people who have contributed material 
presented	in	this	document:	Dr.	Hiranmay	Biswas	and	Ms.	Lauren	Wisniewski	of	USEPA,	Mr.	Ken	Yokoyama	
of USBR, and Dr. Tobias Bleninger of the IFH in Karlsruhe, Germany. The authors would like to extend their 
deep	 appreciation	 to	Dr.	Hiranmay	Biswas,	 Project	Officer	 at	USEPA,	 for	 his	 guidance	 and	 support	 in	 the	
preparation of this manual. 
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   Abstract



Abstract



The	CORMIX	modeling	system	(Version	5.0	or	higher)	is	a	software	system	for	the	analysis,	prediction,	and	
design of aqueous toxic or conventional pollutant discharges into diverse water bodies.  The major emphasis 
of the system is on the geometry and dilution characteristics of the initial mixing zone, including compliance 
with regulatory constraints as well as predicting the behavior of the discharge plume at larger distances.  The 
highly user-interactive CORMIX modeling system is implemented on Windows computers, and consists of 
four	integrated	hydrodynamic	models:



•	 CORMIX1	for	single	port	discharges



•	 CORMIX2	for	multiport	diffuser	discharges



•	 CORMIX3	for	buoyant	surface	discharges



•	 DHYDRO	for	the	analysis	of	dense	and/or	sediment	discharges	in	coastal	environments



While	 CORMIX	was	 originally	 developed	 under	 the	 assumption	 of	 steady	 ambient	 conditions,	 Version	 5.0	
includes application to highly unsteady environments, such as tidal reversal conditions, in which transient 
recirculation and pollutant build-up effects can occur. In addition, several supplementary tools are linked to 
the CORMIX system, and several can also be used independently. Among these tools are CorJet (the Cornell 
Buoyant	 Jet	 Integral	Model)	 for	 detailed	 analysis	 of	 near-field	 buoyant	 jet	 behavior	 and	FFL	 (the	Far-Field	
Plume	Locator)	for	the	far-field	delineation	of	discharge	plumes	in	non-uniform	river	or	estuary	environments.	
Additional supplementary tools are CorSpy (Interactive 3-D outfall visualization), CorGIS for USEPA BASINS 
data	 input,	 CorVue	 interactive	 3-D	 mixing	 visualization	 graphics,	 CorDocs	 on-line	 system	 documentation	
and	user	help,	CorSens	automatic	sensitivity	analysis,	CorTime	time	series	analysis	for	linkage	with	far-field	
coastal	circulation	models,	and	systems	for	mixing	model	benchmarking	and	the	CorVal	mixing	model	case	
validation tool.



This user manual is a comprehensive description of the CORMIX system. The manual provides guidance 
for assembly and preparation of required input data for the four hydrodynamic models; delineates ranges of 
applicability; provides guidance for interpretation and graphical display of system output; highlights graphical 
pre- and postprocessor tools; explains quality assurance documentation and technical support procedures; 
and illustrates practical system application through several case studies.
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A
Actual Water Depth (HD) - the actual water depth at 
the submerged discharge location.  It is also called 
local water depth.  For surface discharges it is the 
water depth at the channel entry location.



Advanced User Mode - This mode is available 
within the Pre-processing drop-down menu.  This 
function limits the warning messages given to the 
user during a session and will make the tool bar 
functions default to the data contained in the current 
GUI state.



Alignment Angle γ (GAMMA) - the angle measured 
counterclockwise from the ambient current direction 
to the diffuser axis.  



Allocated Impact Zone - see mixing zone.



Alternating Diffuser - a multi-port diffuser where 
the ports do not point in a nearly single horizontal 
direction.



Ambient Background Concentration - the existing 
background concentration of the pollutant upstream 
of the discharge in any conventional units.



Ambient Conditions - the geometric and dynamic 
characteristics of a receiving water body that impact 
mixing zone processes.  These include plan shape, 
vertical cross sections, bathymetry, ambient velocity, 
and density distribution.



Ambient Currents -	 A	 velocity	 field	 within	 the	
receiving	water	which	tends	to	deflect	a	buoyant	 jet	
into the current direction.



Ambient Discharge (QA)	 -	 the	volumetric	flow	rate	
of the receiving water body.



Ambient Tab - The CORMIX data entry  form for 
specification	of	ambient	properties.



Average Diameter (D0) - the average diameter 
of the discharge ports or nozzles for a multi-port 
diffuser.



Average Depth (HA) - the average depth of the 
receiving water body determined from the equivalent 
cross sectional area during schematization.



B
Benchmarking - is a measure of a product’s 
performance	 according	 to	 specified	 standards	
in	 order	 to	 improve	 the	 product	 compare	 and/or	
compare the product with other similar products. 
This then allows organizations to develop plans on 
how to adopt such best practice, usually with the 
aim of increasing some aspect of performance. 
Benchmarking may be a one-off event, but is 
often treated as a continuous process in which 
organizations continually seek to challenge their 
practice.



Bottom Slope (SLOPE) - the slope of the bottom 
that extends from a surface discharge into the 
receiving water body.



Boundary Interaction - occurs when the plume 
encounters a vertical (i.e. water surface, bottom, 
pycnocline,	 or	 terminal	 stratified	 level)	 or	 lateral	
(bank) boundary.



Bounded Channels - an ambient environment in 
which the plume is likely to interact with both lateral 
banks within the region of interest.



Buoyant Jet - a discharge where turbulent mixing 
is	caused	by	a	combination	of	initial	momentum	flux	
and	buoyancy	flux.		It	is	also	called	a	forced	plume.



Buoyant Jet Integral Model - a mathematical 
model consisting of a set of differential equations for 
predicting mixing behavior which integrates mass, 
momentum, and energy along the trajectory of the 
plume.
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Buoyant Spreading Processes	 -	 far-field	 mixing	
processes which arise due to the buoyant forces 
caused by the density difference between the mixed 
flow	and	the	ambient	receiving	water.



Buoyant Surface Discharge - the release of 
a	 positively	 or	 neutrally	 buoyant	 effluent	 into	 a	
receiving water through a canal, channel, or near-
surface pipe.



C
CAD - Computer-Aided-Design - refers to the 
computer information and visualization systems used 
to design infrastructure.



Coanda Attachment - a dynamic interaction 
between	 the	 effluent	 plume	 and	 the	 water	 bottom	
that results from the entrainment demand of the 
effluent	jet	itself	and	is	due	to	low	pressure	effects.



Concentration (C) - is the mass of the tracer or 
contaminant per unit volume.



Continuous Flow Module - are prediction modules 
where mass, energy, and momentum are integrated 
step-wise along the trajectory.



Contraction Ratio	 -	 is	 the	 vena	 contracta	 defined	
as	the	narrowest	flow	region	just	downstream	of	the	
orifice	divided	by	the	orifice	area.



Coordinate System Conventions - CORMIX uses 
a	 right-handed	 coordinate	 system	with	 index	 finger	
(+x)	pointing	downstream,	middle	finger	(+y)	pointing	
laterally left, and thumb (+z) pointing upwards toward 
the water surface. The origin (0,0,0) is placed either 
at the bottom or water surface depending upon 
simulation	details,	see	prediction	file	for	details.



Criterion Continuous Concentration (CCC) - for 
toxic discharges the concentration which protects 
against chronic effects.



Criterion Maximum Concentration (CMC) - for 
toxic discharges the concentration which protects 
against acute lethality, usually the LD50 dose.



Cumulative Discharge - refers to the volumetric 
flow	 rate	 which	 occurs	 between	 the	 bank/shoreline	
and a given position within the water body.



Cumulative Discharge Method - an approach 
for representing transverse plume mixing in river 



or	 estuary	 flow	 by	 describing	 the	 plume	 centerline	
as	 being	 fixed	 on	 a	 line	 of	 constant	 cumulative	
discharge and by relating the plume width in terms 
of a cumulative discharge increment



Cumulative Travel Time (T) - is the total travel 
time for a particle to travel the centerline trajectory 
distance from the source to the given centerline 
location.



D
Darcy-Weisbach Friction Factor f - a measure of 
the roughness characteristics in a channel.



Deep Conditions	-	see	near-field	stability.



Density Stratification - the presence of a vertical 
density	profile	within	the	receiving	water.



Diffuser Length (LD) - The distance between the 
first	 and	 last	 port	 of	 a	multi-port	 diffuser	 line.	 	 See	
diffuser line.



Diffuser Line -	a	hypothetical	 line	between	the	first	
and last ports of a multi-port diffuser.  



Dilution S	 -	 physical	 dilution	S	 is	 defined	 as	 initial	
concentration C0 over dilution at a point C, so S= 
C0/C.	 Dilution	 S	 in	 CORMIX	 predictions	 does	 not	
include any 1st	order	decay	and/or	growth.



Discharge Concentration C0 - is the concentration 
of the pollutant at the end of pipe at entry into the 
ambient environment, expressed in any conventional 
unit	(e.g.	ppm.	mg/l,	ppt,	etc.).



Discharge Density r0 - the mass of the discharge 
divided by the volume at the end of pipe at entry into 
the ambient environment.



Discharge Velocity (U0) - the average velocity 
of	 the	 effluent	 being	 discharged	 from	 the	 outfall	
structure.



Distance from Shore (DISTB) -  the average 
distance between the outfall location (or diffuser 
mid-point)	and	the	shoreline.		It	is	also	specified	as	a	
cumulative ambient discharge divided by the product 
UA times HA.



Discharge Flow Rate (Q0)	-	the	volumetric	flow	rate	
from the discharge structure.
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Discharge Channel Width (B0) - the average width 
of a surface discharging channel.  



Discharge Channel Depth (H0) - the average depth 
of a surface discharging channel.



Discharge Conditions	 -	 the	 geometric	 and	 flux	
characteristics of an outfall installation that affect 
mixing processes.  These include port area, elevation 
above	the	bottom	and	orientation,	effluent	discharge	
flow	rate,	momentum	flux,	and	buoyancy	flux.



Discharge Tab - The CORMIX data entry form for 
specification	 of	 single	 port,	 multiport,	 and	 surface	
discharge characteristics.



Discharge Tracer Concentration (C0) - the mass 
concentration	 of	 the	 discharge	 source,	 defined	 as	
excess above ambient.



Distance from Shore (YB1, YB2) - the distance 
from	 the	 shore	 line	 to	 the	 first	 and	 last	 ports	 of	 a	
multi-port diffuser.



E
Effluent Tab - The CORMIX data entry form for 
specification	of	effluent	type	and	associated	data.



F
Far-field - the region of the receiving water where 
buoyant spreading motions and passive diffusion 
control	 the	 trajectory	 and	 dilution	 of	 the	 effluent	
discharge plume.



Far-field Processes - physical mixing mechanisms 
that are dominated by the ambient receiving water 
conditions, particularly ambient current velocity and 
density	differences	between	 the	mixed	flow	and	 the	
ambient receiving water.



Flow Classification - the process of identifying 
the most appropriate generic qualitative description 
of	 the	 discharge	 flow	 undergoing	 analysis.	 	 This	 is	
accomplished by examining known relationships 
between	 flow	 patterns	 and	 certain	 calculated	
physical parameters.



Flux Characteristics	 -	 the	 properties	 of	 effluent	
discharge	 flow	 rate,	 momentum	 flux	 and	 buoyancy	
flux	for	the	effluent	discharge.



Forced Plume - see buoyant jet.



G
Generic Flow Class - a qualitative description of 
a	 discharge	 flow	 situation	 that	 is	 based	 on	 known	
relationships	 between	 flow	 patterns	 and	 certain	
physical parameters.



GUI - Graphical User Interface - in CORMIX the 
windows forms for entering data and displaying 
results.



H
Height of Port (H0) - the average distance between 
the bottom and the average nozzle centerline.



High Water Slack (HWS) - the time of tidal reversal 
nearest to MHW



Horizontal Angle σ (SIGMA) - the angle measured 
counterclockwise from the ambient current direction 
to the plane projection of the port center line.



Hydrodynamic Mixing Processes - the physical 
processes that determine the fate and distribution of 
effluent	once	it	is	discharged.



I
Infinite Receiving Water Body - the underlying 
assumption for buoyant jet integral models which  
maintains the plume does not encounter any physical 
boundaries (water surface, bottom, or banks) during 
buoyant jet mixing.



Input Data Sequence - a group of questions from 
one of four topical areas.



Integrity -  refers to the protection of information 
from unauthorized revision to ensure that it is not 
compromised	 through	 corruption	 or	 falsification.	 In	
the context of environmental models, often integrity 
is most relevant to protection of source code from 
inappropriate alteration. In practice, integrity may 
be an issue for open source models. However,  
both proprietary and open source models can have 
integrity issues when legacy software versions of 
models are employed because they can sometimes 
be used to give answers “desired” rather than the 
best available prediction methods.



Intermediate-field - for unidirectional multiport 
diffusers the region where the line source can cause 
wholesale	acceleration	of	the	ambient	flow	field.
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Intermediate-field Affects	-	induced	flows	in	shallow	
waters	 which	 extend	 beyond	 the	 strictly	 near-field	
region of a multi-port diffuser.



Iteration Menu - the last menu (red panel) the user 
can choose after completion of a design case; allows 
iteration	 with	 different	 ambient/discharge/regulatory	
conditions.



J
Jet - see pure jet.



Jet Integral Models - see Buoyant Jet Model



L
Laterally Bounded - refers to a water body which is 
constrained on both sides by banks such as rivers, 
streams, estuaries and other narrow water courses.



Laterally Unbounded - a water body which for 
practical purposes is constrained on at most one 
side.  This would include discharges into wide lakes, 
wide estuaries and coastal areas.



Legal Mixing Zone (LMZ) - see regulatory mixing 
zone.



Length Scale - a dynamic measure of the relative 
influence	 of	 certain	 hydrodynamic	 processes	 on	
effluent	mixing.



Length Scale Analysis - an approach which uses 
calculated	 measures	 of	 the	 relative	 influence	 of	
certain hydrodynamic processes to identify key 
aspects	 of	 a	 discharge	 flow	 so	 that	 a	 generic	 flow	
class	can	be	identified.



Local Water Depth (HD) - see actual water depth.



Low Water Slack (LWS) - the time of tidal reversal 
nearest to MLW



Manning’s n - a measure of the roughness 
characteristics in a channel.  



Maximum Tidal Velocity (Uamax) - the maximum 
velocity occurring within the tidal cycle



Mean Ambient Velocity (UA) - the average velocity 
of	the	receiving	water	body’s		flow.



Mean High Water (MHW) - the highest water level 
(averaged over many tidal cycles) in estuarine or 
coastal	flows.



Mean Low Water (MLW) - the lowest water level 
(averaged over many tidal cycles) in estuarine or 
coastal	flows.



Merging - the physical interaction of the discharge 
plumes from adjacent ports of a multi-port diffuser.



Mixing Zone - an administrative construct which 
defines	 a	 limited	 area	 or	 volume	 of	 the	 receiving	
water where the initial dilution of a discharge is 
allowed to occur, until the water quality standards 
are met.  In practice, it may occur within the near-
field	 or	 far-field	 of	 a	 hydrodynamic	 mixing	 process	
and therefore depends on source, ambient, and 
regulatory constraints.



Mixing Zone Regulations - The administrative 
construct that intends to prevent any harmful impact 
of	a	discharged	effluent	on	the	aquatic	environment	
and its designated uses.



Mixing Zone Tab - The CORMIX data entry tab for 
specification	 of	mixing	 zone	 regulations	 and	 region	
of interest for the simulation.



Momentum Jet - see pure jet.



Multiport Diffuser - a structure with many closely 
spaced	ports	or	nozzles	that	inject	the	discharge	flow	
into the ambient receiving water body.



N
Near-field - the region of a receiving water where the 
initial	 jet	characteristic	of	momentum	flux,	buoyancy	
flux	and	outfall	geometry	 influence	 the	 jet	 trajectory	
and	mixing	of	an	effluent	discharge.



Near-Field Region (NFR) - a term used in the 
CORMIX printout for describing the zone of strong 
initial	mixing	where	the	so	called	near-field	processes	
occur.  It is the region of the receiving water where 
outfall design conditions are most likely to have an 
impact on in-stream concentrations.



Near-field Stability - the amount of local 
recirculation and re-entrainment of already mixed 
water back into the buoyant jet region.  Stable 
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discharge conditions are associated with weak 
momentum and deep water and are also sometimes 
called deep water conditions.  Unstable discharge 
conditions have localized recirculation patterns and 
are also called shallow water conditions.



Negative Buoyancy - the measure of the tendency 
of	an	effluent	discharge	to	sink	in	a	receiving	water.



Non-buoyant Jet - see pure jet.



NPDES - National Pollution Discharge Elimination 
System- A regulatory permit system under which 
mixing	zones	are	defined.



O
Objectivity - includes whether disseminated 
information is being presented in an accurate, 
clear, complete and unbiased manner. In addition, 
objectivity involves a focus on ascertaining accurate, 
reliable and unbiased information.



Open Format - data input which does not require 
precise	placement	of	numerical	values	in	fixed	fields	
and which allows character strings to be entered in 
either upper or lower case letters.



Output Tab - The CORMIX data entry form for 
specification	of	program	output	control.



P
Passive Ambient Diffusion Processes - far-
field	 mixing	 processes	 which	 arise	 due	 to	 existing	
turbulence	in	the	ambient	receiving	water	flow.



Plume - see buoyant jet.



Positive Buoyancy - the measure of the tendency 
of	an	effluent	discharge	to	rise	in	the	receiving	water.



Postprocessor - several options available within 
CORMIX for additional computation or data display, 
including	the	CorVue	graphics	package,	CorJet	near-
field	buoyant	 jet	model,	and	 the	FFL	 far-field	plume	
delineator.



Processing Tab - The CORMIX data entry form 
for	 controlling	 rule	 base	 classification	 and	 flow	
simulation for the input data supplied.



Pure Jet - a discharge where only the initial 
momentum	flux	in	the	form	of	a	high	velocity	injection	
causes turbulent mixing.  It is also called momentum 



jet or non-buoyant jet.



Preprocessor - several options available within 
CORMIX for computation of data input, including  
the CorSpy graphics package, CorData legacy DOS 
data input program, and the CorGIS BASINS GIS 
data input tool.



Pure Plume - a discharge where only the initial 
buoyancy	 flux	 leads	 to	 local	 vertical	 accelerations	
which then lead to turbulent mixing.  



Project Tab - The CORMIX data entry form to enter 
file	names	and	project	description	labels.	



Pycnocline - a horizontal layer in the receiving water 
where a rapid density change occurs.



Pycnocline Height (HINT) - the average distance 
between the bottom and a horizontal layer in the 
receiving water body where a rapid density change 
occurs.



Q
Quality Assurance (QA) - is the activity of providing 
evidence	 needed	 to	 establish	 confidence	 among	
all concerned, that the quality-related activities are 
being performed effectively. All those planned or 
systematic actions necessary to provide adequate 
confidence	that	a	product	or	service	will	satisfy	given	
requirements for quality. Quality Assurance is a part 
and consistent pair of quality management proving 
fact-based	 external	 confidence	 to	 customers	 and	
other stakeholders that product meets the needs, 
expectations, and other requirements. QA (quality 
assurance) assures the existence and effectiveness 
of procedures that attempt to make sure - in advance 
- that the expected levels of quality will be reached. 



Quality Control (QC) - In engineering and 
manufacturing, quality control and quality 
engineering are involved in developing systems 
to ensure products or services are designed and 
produced to meet or exceed customer requirements. 
These systems are often developed in conjunction 
with other business and engineering disciplines 
using a cross-functional approach.



R
Region Of Interest (ROI) -	a	user	defined	region	of	
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the receiving water body where mixing conditions 
are to be analyzed.



Regulatory Mixing Zone (RMZ) - the region of the 
receiving water where mixing zone regulations are 
applied.  It is sometimes referred to as the legal 
mixing zone.



Relative Orientation Angle β (BETA) - the angle 
measured either clockwise or counterclockwise from 
the average plan projection of the port centerline to 
the nearest diffuser axis.



S
Schematization - the process of describing a 
receiving water body’s actual geometry with a 
rectangular cross section.



Shallow Water Conditions	-	see	near-field	stability.



Single Port Diffuser Discharge - a point source 
discharge issued from a single opening.



Stable Discharge	-	see	near-field	stability.



Staged Diffuser - a multi-port diffuser where all 
ports point in one direction, generally following the 
diffuser line.  



Stagnant Conditions - the absence of ambient 
receiving	water	flow.		A	condition	which	rarely	occurs	
in actual receiving water bodies.



Steady-state Models - assume that the discharge 
flow	 rate	 Q0 and ambient velocity UA remain 
constant over time. 



Stream-gaging Survey - stream cross-sectional 
area and velocity distribution data collected to 
determine a rating curve (stage versus discharge) 
for a given location.



Submerged Buoyant Jet Mixing - the region 
of turbulent entrainment before any boundary 
interaction.



Submerged Multi-port Diffuser	 -	 an	 effluent	
discharge	 structure	 with	 more	 than	 one	 efflux	
opening that is located substantially below the 
receiving water surface.



Submerged Single Port Discharge	 -	 an	 effluent	
discharge	structure	with	a	single	efflux	opening	that	



is located substantially below the receiving water 
surface.



Surface Buoyant Jets - positively or neutrally 
buoyant	effluent	discharges	occurring	horizontally	at	
the water surface from a laterally entering channel or 
pipe.



Surface Width (BS) - the equivalent average 
surface width of the receiving water body determined 
from the equivalent rectangular cross sectional area 
during schematization.



T
Tidal Cycle - the variation of ambient water depth 
and velocity as a function of time occurring due to 
tidal	(lunar	and	solar)	influences.



Tidal Period (PERIOD) - the duration of the tidal 
cycle (on average 12.4 hours).



Tidal Reversal - the two instances in the tidal cycle 
when the ambient velocity reverses its direction.



Toxic Dilution Zone (TDZ) - the region of the 
receiving water where the concentration of a 
toxic chemical may exceed the acute effects 
concentration.



Trajectory Distance s	 -	 Is	 defined	as	 the	distance	
along centerline trajectory with  s = (x2+y2+z2)1/2



U



Unbounded Flow Situations - a deeply submerged 
discharge that will not interact with the bottom, water 
surface, or any lateral boundary within the desired 
prediction region.



Unidirectional Diffuser - a multi-port diffuser with all 
ports pointing to one side of the diffuser line and all 
ports oriented more or less normally to the diffuser 
line.  



Units of Concentration - the units of concentration 
in	 any	 conventional	 measure,	 e.g.	 ppt,	 ppm,	 mg/l,	
etc.



Unstable Discharge	-	see	near-field	stability.



User Guide - An online user guide available in a web 
browser that describes CORMIX program functions, 
icons, data entry boxes, and gives general hints for 











xxv



Glossary



use.		Available	at:	www.mixzon.com



USBR - United States Bureau of Reclamation 



USEPA - United States Environmental Protection 
Agency



USGS - United States Geological Survey



Utility -  refers to the usefulness of the information 
to the intended users. The utility of modeling projects 
is aided by the implementation of a systematic 
planning approach that includes the development of 
acceptance or performance criteria. 



V
Vertical Discharge Angle θ0 (THETA0) -  the angle 



between the port centerline and the horizontal plane.  



W
Wake Attachment -	a	near-field	dynamic	boundary	
interaction	where	the	discharge	flow	attaches	to	the	
bottom immediately after discharge due to a low 
pressure region on the lee side of the discharge port.



Waste Load Allocation (WLA) - The process by 
which the pollutant loading of a water body is divided 
among point and non-point sources to meet its 
designated uses.



Y
YCD - Lateral distance y from right hand bank to 
cumulative discharge.



Zone of Initial Dilution - a term sometimes used 
to describe the mixing zone for the discharge of 
municipal wastewater into the coastal ocean, limited 
to	the	extent	of	near-field	mixing	processes.
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Introduction   Chapter 1 



CORMIX is a comprehensive software system 
for the analysis, prediction, and design of outfall 
mixing zones resulting from discharge of aqueous 
pollutants into diverse water bodies. It contains 
mathematical models of point source discharge 
mixing within an intelligent computer-aided-design 
(CAD) interface. Its focus is environmental impact 
assessment and regulatory management. CORMIX 
has been developed under several cooperative 
funding agreements between U.S. EPA, U.S. 
Bureau of Reclamation, Cornell University, Oregon 
Graduate Institute (OGI), University of Karlsruhe, 
Portland State University, and MixZon Inc. during the 
period of 1985-2007. Table 1.1 lists institutions that 
have contributed to CORMIX development since its 
inception in 1985. 



CORMIX is a recommended analysis tool in key 
guidance documents (24,48,49,51,53) on the 
permitting of industrial, municipal, thermal, and 
other point source discharges to receiving waters. 



Chapter 1
Introduction  



Although the system’s major emphasis is predicting 
the geometry and dilution characteristics of the initial 
mixing zone so that compliance with water quality 
regulatory constraints may be judged, the system 
also predicts the behavior of the discharge plume at 
larger distances.



CORMIX contains four core hydrodynamic simulation 
models and two post-processor simulation models. 
The	simulation	models	are:



1. Simulation models for single port discharges 
(CORMIX1).



2. Simulation models for submerged multiport 
diffusers (CORMIX2).



3.  Simulation models for buoyant surface 
discharges (CORMIX3).



4.	 Simulation	 models	 for	 dense	 brine	 and/or	
sediment discharges from single port, submerged 
multiport, or surface discharges in laterally 
unbounded coastal environments (DHYDRO).



Table 1.1  Institutional Support for CORMIX Systems Development



Institution Dates Development Focus 



U.S. Environmental Protection Agency 1986-1989, 1991-1994, 
1996-2007



CORMIX1, CORMIX2, CORMIX3, 
DHYDRO, CorJet, User Manual



State of Delaware 1990-1991 CORMIX3



National Council for Air and  
Stream Improvement 1991-1992 User Manual



Verbundgesellschaft,	Vienna,	Austria 1991-1992 Systems integration



State of Maryland 1993-1995 CORMIX3, Tidal options



U.S. Bureau of Reclamation 2001, 2003-2006 Graphic Tools, Integration, 
Hydrodynamics



Institute for Hydromechanics,  
University of Karlsruhe 2000-2006 Hydrodynamics
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5.  Post-processor simulation models for detailed 
near-field	mixing	 of	 submerged	 single	 port	 and	
multiport diffusers in unbounded environments 
(CorJet).



6.		 Post-processor	 simulation	 model	 for	 far-field	
plume analysis (FFL).



This document refers to CORMIX v5.0 which is 
developed for the Windows platform. CORMIX v5.0 
has	five	different	release	versions:	



1. v5.0E Evaluation



2. v5.0G General



3. v5.0GT Advanced Tools



4. v5.0GTS Sediment Discharge 



5. v5.0GTR Research



The basic hydrodynamics are equivalent for all 
CORMIX release versions. However, CORMIX 
versions have different input (pre-processors) and 
output (post-processor) options. Only the Evaluation 
(E), Sediment (GTS), and Research (GTR) versions 
contain routines to simulate suspended sediment 
plumes.



Table 1.2 shows a comparison of features in the 
five	available	 release	versions.	All	versions	utilize	a	
data-driven rule-based expert systems approach to 
simulation model selection for CAD and management 
of outfalls.



The rule-based methodology allows users to make 
detailed predictions of mixing zone conditions, check 
compliance with regulations, and readily investigate 
performance of alternative outfall designs without 
needing specialized hydrodynamic knowledge. 
The basic CORMIX methodology relies on the 
assumption of steady ambient conditions. However, 
since v3.2 the system also contains special routines 
for the application to highly unsteady environments, 
such as tidal reversal conditions, in which transient 
recirculation and pollutant build-up effects can occur. 
Table 1.3 shows the various CORMIX versions, 
release dates, and distribution sources.



The pre- and postprocessing tools (subsystems) 
are available depending upon the release version. 
Pre-processing tools include CorData (DOS legacy 



version data input), CorSpy (Interactive 3-D outfall 
visualization), and CorGIS (USEPA BASINS data 
input (50)). Postprocessing tools, include CorJet (the 
Cornell Buoyant Jet Integral Model) for the detailed 
analysis	of	the	near-field	behavior	of	single	port	and	
multiport buoyant jets, FFL (the Far-Field Plume 
Locator)	 for	 the	 far-field	 delineation	 of	 discharge	
plumes in non-uniform river or estuary environments, 
and CorVue interactive 3-D mixing visualization 
graphics, CorHelp online system documentation and 
user help, CorDocs technical documentation suite 
(CORMIX1, CORMIX2, and CORMIX3 technical 
reports), CorSens automatic sensitivity analysis, and 
CorTime	time	series	analysis	for	linkage	with	far-field	
coastal circulation models. Table 1.2 summarizes the 
availability of pre- and post-processor functions in 
the various release versions.



Several factors provided the original impetus for 
system	development	including:	



•	 The	 considerable	 complexity	 of	 mixing	
processes in the aquatic environment resulting 
from the great diversity of discharge and site 
conditions and requiring advanced knowledge in 
a	specialized	field	of	hydrodynamics.



•	 The	failure	of	previously	existing	models	(e.g.	the	
U.S. EPA plume models (41) originally developed 
for municipal discharges in deep coastal waters) 
to adequately predict routine discharge situations, 
especially for more shallow inland sites.



•	 The	 issuance	 in	 1985	 by	 the	 U.S.	 EPA	 of	
additional guidelines (48) for the permitting of 
toxic aqueous discharges, placing additional 
burdens on applicants and regulators in 
delineating special zones for the initial mixing of 
these substances.



•	 The	 availability	 of	 new	 computer	 methods	 (i.e.		
expert systems) making accessible to the user, 
within desktop computing environment, the 
expert’s knowledge and experience in dealing 
with complex engineering problems (56,57).



Multiple publications (1,11,17,25,26,33,35,36) 
describe	the	scientific	basis	for	the	CORMIX	system	
and demonstrate comparison and validation with 
field	and	laboratory	data.	The	results	of	these	works	
are summarized in peer-reviewed literature (2,3,4, 1
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Table 1.2 Feature comparison table for CORMIX v5.0 release versions 



Features CORMIX v5.0 Versions



v5.0E 
Evaluation  



(Free)
v5.0G  



General 
v5.0GT  



Advanced 
Tools 



v5.0GTS  
Advanced  



Tools  
Sediment



v5.0GTR* 
Research 



Tools 



CorSupport Technical Support AvailableV ü ü ü ü
Print/Save	 ü ü ü ü
CorHelp Online User Guide ü ü ü ü ü
CORMIX User Manual (PDF) ü ü ü ü ü
CorSpy	3D/2D	Outfall	Graphics ü ü ü ü
CorVue	3D/2D	Mixing	Zone	Graphics ü ü ü ü
CorSens Sensitivity Analysis Tool ü ü ü ü
CORMIX1 Single Port Discharges ü ü ü ü ü
CORMIX2 Multiport Diffusers ü ü ü ü ü
CORMIX3 Surface Discharges ü ü ü ü ü
CorJet 3D Jet Integral Model ü ü ü ü ü
FFL	Far-field	Plume	Analysis ü ü ü ü ü
CorGIS	BASINS/ArcView	Tool ü ü ü ü ü
Brine Discharges ü ü ü ü ü
Sediment Discharge ü ü ü
CorDocs Technical Documentation ü ü ü ü
CorVal	-	Case	Validation	Service	AvailableV ü ü ü ü



CorTime	-	Time	Series/Far-Field	Model	Link ü



*Non-commercial version for research and development only.      
VSubscription fee required in addition to software licensing.
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Table 1.3 CORMIX Development History and Distribution



Software Version Distributor Release Date



CORMIX1 1.1 Cornell November 1989



CORMIX1 1.2 USEPA CEAM October 1990



CORMIX1 1.3 USEPA CEAM August 1991



CORMIX2 1.1 Cornell September 1990



CORMIX2 1.2 USEPA CEAM August 1991



CORMIX2 1.3 USEPA CEAM March 1992



CORMIX (1,2,& 3) 2.0 Cornell July 1992



CORMIX (1,2,& 3) 2.1 Cornell May 1993



CORMIX (1,2,& 3) 2.1 USEPA CEAM November 1993



CORMIX (1,2,& 3) 3.0 Cornell June 1994



CORMIX (1,2,& 3) 3.1 Cornell June 1995



CORMIX (1,2,& 3) 3.2 USEPA CEAM January 1997



CORMIX-GI 4.0a OGI March 1999



CORMIX-GI 4.01b, 4.01e OGI July 1999



CORMIX-GI 4.02b, 4.02e OGI September 1999



CORMIX-GI 4.03b, 4.03e OGI November 1999



CORMIX-GI 4.1E,4.1G,4.1GT OGI June 2000



CORMIX-GI 4.2E, G, GT, GTR OGI October 2002



CORMIX-GI 4.3E, G, GT, GTR MixZon Inc October 2004



CORMIX 5.0E,G,GT,GTS,GTR MixZon Inc March 2007



2,13,14,15,16,27,28,29,35,36,40,42). The CORMIX 
systems approach and its performance relative to 
the earlier USEPA plume models (5) in the context of 
estuarine applications is also described in USEPA’s 
technical guidance manual for performing waste load 
allocations in estuaries (23). USEPA has completed 



a Science Advisory Board (SAB) review of CORMIX 
application to dredge discharges (51).



Among available environmental simulation models, 
CORMIX is unique because of its data-driven 
approach to simulation model selection. CORMIX 
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employs a rule-based expert system to screen input 
data and select the appropriate core hydrodynamic 
simulation model to simulate the physical mixing 
processes contained within a given discharge-
environment interaction. The methodology also 
comprehensively documents the model selection 
process and interprets the physical mixing processes 
present in relation to applicable regulatory criteria. 
Since the model selection process is data-driven 
and explicitly contained within the methodology, the 
approach facilitates a discussion between regulators 
and the regulated on the physical processes 
contained within the mixing zone, limits the potential 
for model misapplication, and helps to develop 
consensus on appropriate model selection. 



Because of its rule-based approach, CORMIX can 
explicitly address many of the recommendations 
contained in the draft USEPA Council Regulatory 
Environmental Mode (CREM) document Guidance 
on the Development, Evaluation, and Application of 
Regulatory Environmental Models (52). CORMIX 
is a modular, object-oriented (44), software system 
with integrated CAD tools for outfall design and 
management. In addition to the comprehensive 
peer	 review	 through	 refereed	 scientific	 publication	
by its developers, CORMIX has an extensive 
track record  of over 18 years of independent 
successful application by academics, regulators, and 
consultants (7,8,20,22,37,43,45,54,55,58). Recent 
developments include integration of database 
systems	 for	 Quality	 Control/Quality	 Assurance	 and	
include tools for mixing model benchmarking and 
case validation in support of regulatory management 
of wastewater discharges.



Version 5.0E is the free evaluation release version 
of the software. Its intent is to introduce the user 
to the capabilities and data requirements of the 
system. The User Manual is included in PDF format 
to supply user technical support. This version allows 
the user to get the “look and feel” of the system, 
ascertain the type and amount of user input data 
and training required, and judge if the software is 
appropriate for the user’s intended application. It 
has full hydrodynamic modeling functionality with 



all	 five	 of	 the	 hydrodynamic	 simulation	 elements	
previously described, including routines for 
suspended sediment discharges. All 3-D graphics 
and advanced pre- and postprocessor functions are 
available. It is not intended for regulatory or design 
use, therefore the print and save functions are 
disabled. This represents a fair exchange in the true 
spirit of “shareware” because it allows users to fully 
assess model performance while not placing undue 
technical support demands on system developers.



Version 5.0G is the general release version of the 
software, intended for routine application. It contains 
all	five	of	the	hydrodynamic	simulation	elements,	but	
does not contain routines to simulate suspended 
sediment discharges. This version has enabled 
print and save functions, contains the basic set of 
pre- and postprocessors for accessing subsystems 
CorJet,	 CorGIS,	 and	 the	 Far-field	 Locator	 (FFL).	
It does not include 3-D graphic tools or sensitivity 
analysis capability. This version has an integrated 
hypertext User Manual for on-line help. It provides 
basic documented mixing zone analysis with tabular 
text output. Technical support is available with a fee-
based subscription. The software can be licensed 
without charge to Federal and State regulators in the 
United States by request.



Version 5.0GT is the advanced tools release 
version of the software, intended for most advanced 
regulatory	and	design	applications.	It	contains	all	five	
of the hydrodynamic simulation elements, but does 
not contain routines to simulate suspended sediment 
discharges. It includes the 3-D graphic tools CorSpy 
and	 CorVue.	 It	 includes	 the	 CorSens	 sensitivity	
analysis tool for advanced mixing zone studies. 
Additionally, it contains a complete set of technical 
report documents in hypertext format. Technical 
support for the hydrodynamic models as well as 
the pre- and postprocessors is available with a fee-
based subscription. Software licensing with discount 
pricing is available to Federal and State regulators.



Version 5.0GTS contains all of the hydrodynamic 
simulation elements and advanced graphic and 
processing tools contained in v5.0GT with the 
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addition of routines to simulate suspended sediment 
discharges. Technical support is available with a fee-
based subscription. Software licensing with discount 
pricing is available to Federal and State regulators.



Version 5.0GTR is the full research release 
version	of	 the	software,	 intended	 for	academic	and/
or development use. This version of the software 
is	 licensed	 only	 to	 qualified	 researchers	 and	
others	 who	 need	 additional	 flexibility	 in	 CORMIX	
application. It contains all hydrodynamic simulation 
elements and pre- and post-processors contained in 
the other versions. Routines to simulate suspended 
sediment discharges are included. It relaxes some 
constraints on model application for advanced 
analysis. In addition, it contains experimental tools 
for advanced mixing zone analysis, such as CorTime 
for time series data input and CorBatch for unlimited 
variation in data input parameters. Technical support 
is available with a fee-based subscription. Software 
licensing with discount pricing is available to Federal 
and State regulators.



In summary, this manual describes mixing processes 
in general and how CORMIX simulates them in 
particular. The objectives of this user’s guide are as 
follows:	



•	 To	 provide	 a	 comprehensive	 description	 of	 the	
CORMIX system.



•	 To	 provide	 guidance	 for	 assembly	 and	
preparation of required input data for all 
hydrodynamic simulation elements as well as 
the pre- and post-processor modules.



•	 To	delineate	ranges	of	applicability	of	the	system.	



•	 To	 provide	 guidance	 for	 the	 interpretation	 and	
graphical display of system output.



•	 To	illustrate	practical	system	application	through	
several case studies.



This manual is organized to meet the informational 
needs of two distinctly different reader groups. The 
groups	are	as	follows:	



1. Personnel in environmental management 
positions desiring an overview of the CORMIX 
system capabilities.



2. Technical staff needing assistance in actual 



applications.



Chapter 2 is a summary of the physical processes 
of	 effluent	 mixing,	 as	 well	 as	 an	 overview	 of	 the	
regulatory background and practice of mixing zone 
applications. 



The general features of the CORMIX system are 
explained in Chapter 3	which	includes	summaries	of:	



•	 Predictive	capabilities	and	limitations



•	 Overall	 system	 structure	 and	 method	 of	
processing information



•	 User	interaction



•	 Individual	computational	elements



Detailed guidance on the preparation and entry of 
input data, as required by the CORMIX system, is 
given in Chapter 4. 



Chapter 5 provides a description of system output, 
containing descriptive, quantitative, and graphical 
information	on	the	input	data	and	predicted	effluent	flow.	



Chapter 6 describes the background, input and 
output features of the pre- and postprocessor 
subsystem tools. The two postprocessor simulation 
models, the CorJet jet integral model and the far-
field	plume	 locator	 (FFL)	program	are	discussed.	 In	
addition, the CorSens sensitivity analysis tool, and 
the	CorVal	case	validation	system	are	discussed.	



The closing remarks in Chapter 7 contain 
information on system availability, user support, 
quality assurance, and possible future developments 
and enhancements.



Appendices to this guide present case studies 
on the application of CORMIX subsystems and its 
postprocessor models. These are adapted from actual 
situations and illustrate the complete input requirements 
and output capabilities of the system. In addition, some 
of the assumptions on data schematization, problem 
simplification,	output	 interpretation,	and	construction	of	
graphical displays are discussed in a context typical of 
mixing zone model applications. 
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Background:	Mixing	Processes	and	Mixing	Zone	Regulations	 Chapter	2	



When performing design work and predictive studies 
on	 effluent	 discharge	 problems,	 it	 is	 important	 to	
clearly distinguish between the physical aspects 
of hydrodynamic mixing processes that 
determine	 the	effluent	 fate	and	distribution,	and	 the	
administrative construct of mixing zone regulations 
that intend to prevent any harmful impact of the 
effluent	on	 the	aquatic	environment	and	associated	
uses.



2.1 Hydrodynamic Mixing 
Processes



The mixing behavior of any wastewater discharge 
is governed by the interplay of ambient conditions 
in the receiving water body and by the discharge 



Chapter 2
Background: Mixing Processes and 
Mixing Zone Regulations



Outfall
Shoreline Interaction



Figure 2.1 A coastal buoyant discharge illustrates buoyant upstream spreading and far-field 
boundary interaction, density current spreading and passive diffusion.



characteristics. An example of a positively 
buoyant wastewater discharge plume in a coastal 
environment appears in Figure 2.1.



The ambient conditions in the receiving water body, 
be it stream, river, lake, reservoir, estuary or coastal 
water, are described by the water body’s geometric 
and dynamic characteristics. Important geometric 
parameters include plan shape, vertical cross-
sections, and bathymetry, especially in the discharge 
vicinity. Dynamic characteristics are given by the 
velocity and density distribution in the water body, 
again primarily in the discharge vicinity. In many 
cases, these conditions can be taken as steady-state 
with little variation because the time scale for the 
mixing processes is usually on the order of minutes 
up to perhaps one hour. In some cases, notably 
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tidally	 influenced	 flows,	 the	 ambient	 conditions	 can	
be highly transient and the assumption of steady-
state conditions may be inappropriate. In this case, 
the effective dilution of the discharge plume may 
be reduced relative to that under steady-state 
conditions.



The discharge conditions relate to the geometric 
and	 flux	 characteristics	 of	 the	 submerged	 outfall	
installation. For a single port discharge the port 
diameter, its elevation above the bottom and its 
orientation provide the geometry; for multiport 
diffuser installations the arrangement of the 
individual ports along the diffuser line, the orientation 
of the diffuser line, and construction details represent 
additional geometric features; and for surface 
discharges, the cross-section and orientation of the 
flow	entering	the	ambient	watercourse	are	important.	
The flux characteristics	are	defined	by	the	effluent	
discharge	 flow	 rate,	 by	 its	 momentum	 flux	 and	 by	
its	 buoyancy	 flux.	 The	 buoyancy	 flux	 represents	
the effect of the relative density difference between 
the	 effluent	 discharge	 and	 ambient	 conditions	
in combination with gravitational acceleration. 
Buoyancy	flux	 is	a	measure	of	 the	 tendency	 for	 the	
effluent	 flow	 to	 rise	 (i.e.	positive buoyancy) or fall 
(i.e. negative buoyancy).



The	 hydrodynamics	 of	 an	 effluent	 continuously	
discharging into a receiving water body can be 
conceptualized as a mixing process occurring in 
two	 separate	 regions.	 In	 the	 first	 region,	 the	 initial	
jet	characteristics	of	momentum	flux,	buoyancy	flux,	
and	outfall	geometry	 influence	 the	 jet	 trajectory	and	
mixing. This region will be referred to as the “near-
field”,	 and	 encompasses	 the	 buoyant	 jet	 flow	 and	
any surface, bottom, or terminal layer interaction. In 
this	 near-field	 region,	 outfall	 designers	 can	 usually	
affect the initial mixing characteristics through 
appropriate manipulation of design variables.



As the turbulent plume travels further away from 
the source, the source characteristics become 
less important. Conditions existing in the ambient 
environment will control trajectory and dilution of the 
turbulent plume through buoyant spreading motions 
and passive diffusion due to ambient turbulence. 



This region will be referred to here as the “far-
field”. It is stressed at this point that the distinction 
between	 near-field	 and	 far-field	 is	 made	 solely	
on hydrodynamic grounds. It is unrelated to any 
regulatory	mixing	zone	definitions.



2.1.1  Near-Field Processes 
Three	 important	 types	 of	 near-field	 processes	
are submerged buoyant jet mixing, boundary 
interactions, and surface buoyant jet mixing as 
described in the following paragraphs. 



2.1.1.1  Submerged Buoyant Jet Mixing



The	 effluent	 flow	 from	 a	 submerged	 discharge	
port provides a velocity discontinuity between the 
discharged	 fluid	 and	 the	 ambient	 fluid	 causing	 an	
intense	 shearing	 action.	 The	 shearing	 flow	 breaks	
down rapidly into a turbulent motion. The width of 
the zone of high turbulence intensity increases in the 
direction	 of	 the	 flow	 by	 incorporating	 (“entraining”)	
more	 of	 the	 outside,	 less	 turbulent	 fluid	 into	 this	
zone. In this manner, any internal concentrations 
(e.g.	fluid	momentum	or	pollutants)	of	the	discharge	
flow	 become	 diluted	 by	 the	 entrainment	 of	 ambient	
water. Inversely, one can speak of the fact that both 
fluid	 momentum	 and	 pollutants	 become	 gradually	
diffused	into	the	ambient	field.



The initial velocity discontinuity may arise in different 
fashions. In a “pure jet” (also called “momentum jet” 
or	“non-buoyant	jet”),	the	initial	momentum	flux	in	the	
form of a high-velocity injection causes the turbulent 
mixing. In a “pure plume”,	 the	 initial	 buoyancy	flux	
leads to local vertical accelerations which then 
lead to turbulent mixing. In the general case of 
a “buoyant jet” (also called a “forced plume”), a 
combination	of	 initial	momentum	flux	and	buoyancy	
flux	is	responsible	for	turbulent	mixing.



Thus, buoyant jets are characterized by a narrow 
turbulent	 fluid	 zone	 in	 which	 vigorous	mixing	 takes	
place. Furthermore, depending on discharge 
orientation and direction of buoyant acceleration, 
curved trajectories are generally established in a 
stagnant uniform-density environment as illustrated 
in Figure 2.2a.
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Buoyant jet mixing is further affected by ambient 
currents	 and	 density	 stratification.	 The	 role	 of	
ambient currents is	to	gradually	deflect	the	buoyant	
jet into the current direction as illustrated in Figure 
2.2b and thereby induce additional mixing. The role 
of ambient density stratification is to counteract the 
vertical acceleration within the buoyant jet ultimately 
leading	 to	 trapping	 of	 the	 flow	 at	 a	 certain	 level.	
Figure 2.2c shows a typical buoyant jet shape at the 
trapping or terminal level.



Finally, in case of multiport diffusers, the individual 
round buoyant jets behave independently until 
they interact or merge with each other at a certain 
distance	from	the	efflux	ports.	After	merging, a two-
dimensional buoyant jet plane is formed as illustrated 
in Figure 2.2d. Such plane buoyant jets resulting 
from a multiport diffuser discharge in deep water 
can be further affected by ambient currents and by 
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Figure 2.2 Typical buoyant jet mixing flow patterns under different ambient conditions.



density	 stratification	 as	 discussed	 in	 the	 preceding	
paragraph. 



2.1.1.2  Boundary Interaction Processes and 
Near-Field Stability



Ambient water bodies always have vertical 
boundaries. These include the water surface and the 
bottom, but in addition, “internal boundaries” may 
exist at pycnoclines. Pycnoclines are layers of rapid 
density change. Depending on the dynamic and 
geometric	 characteristics	 of	 the	 discharge	 flow,	 a	
variety of interaction phenomena can occur at such 
boundaries,	 particularly	 where	 flow	 trapping	 may	
occur. 



In essence, boundary interaction processes provide 
a transition between the buoyant jet mixing process 
in	 the	 near-field	 to	 buoyant	 spreading	 and	 passive	
diffusion	 in	 the	 far-field.	 Boundary	 interactions	 can	
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be gradual and mild, or abrupt leading to vigorous 
transition and mixing processes. They also can 
significantly	 influence	 the	 stability	 of	 the	 effluent	
discharge conditions. 



The assessment of near-field stability (i.e. the 
distinction of stable or unstable conditions)  is a key 
aspect	 of	 effluent	 dilution	 analyses.	 It	 is	 especially	
important for understanding the behavior of the 
two dimensional plumes resulting from multiport 
diffusers, as shown by some examples in Figure 2.3. 
“Stable discharge” conditions, usually occurring for 
a combination of strong buoyancy, weak momentum 
and deep water, are often referred to as “deep 
water” conditions (Figures 2.3 a & c). “Unstable 
discharge” conditions, on the other hand, may 
be considered synonymous to “shallow water” 
conditions (Figure 2.3 b & d). Technical discussions 
on discharge stability are presented elsewhere 
(18,19).



A few important examples of boundary interaction for 
a single round buoyant jet are illustrated in Figure 
2.4.	If	a	buoyant	jet	is	bent	over	by	a	crossflow,	it	will	
gradually approach the surface, bottom, or terminal 
level and will undergo a smooth transition with 
little additional mixing (Figure 2.4a). However, a jet 
impinging normally, or near-normally, on a boundary 
will rapidly spread in all directions. Mixing conditions 
at this impingement point can take on one of the 
following	forms:	



•	 If	 the	 flow	 has	 sufficient	 buoyancy	 it	 will	
ultimately form a stable layer at the surface 
(Figure 2.4b). In the presence of weak ambient 
flow,	 this	 will	 lead	 to	 an	 upstream	 intrusion	
against the ambient current.



•	 If	the	buoyancy	of	the	effluent	flow	is	weak	or	its	
momentum is very high, unstable recirculation 
phenomena can occur in the discharge vicinity 



a) Deep Water, High Buoyancy,
     Vertical: Near Field



c) Deep Water, High Buoyancy, 
    Near-Horizontal: Stable Near-Field



b) Shallow Water, Low Buoyancy,
     Vertical: Unstable near-Field
     with Local Mixing and
     Restratification



d) Shallow Water, Low Buoyancy, 
     Near Horizontal: Unstable
     Near-Field with Full Vertical Mixing
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mixing



En
tra



inm
en



t



Figure 2.3 Examples of near-field stability and instability conditions for deeply submerged 
positively buoyant discharges in limited water depth.
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(Figure 2.4c). This local recirculation leads to re-
entrainment of already mixed water back into the 
buoyant jet region.



•	 In	 the	 intermediate	 case,	 a	 combination	 of	
localized vertical mixing and upstream spreading 
may result (Figure 2.4d).



Another type of interaction process concerns 
submerged buoyant jets discharging in the vicinity of 
the	water	bottom	into	a	stagnant	or	flowing	ambient.	
Two types of dynamic interaction processes can 
occur	 that	 lead	 to	 rapid	 attachment	 of	 the	 effluent	
plume to the water bottom as illustrated in Figure 
2.5. These are wake attachment forced by the 
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Figure 2.4 Examples of boundary interactions for positively buoyant submerged jets in  
finite depth.



receiving	water’s	 crossflow	 or	Coanda attachment 
forced	by	the	entrainment	demand	of	the	effluent	jet	
itself. The latter is due to low pressure effects as the 
jet periphery is close to the water bottom.



2.1.1.3  Surface Buoyant Jet Mixing
Positively buoyant jets discharged horizontally 
along the water surface from a laterally entering 
channel or pipe (Figure 2.6) bear some similarities 
to the more classical submerged buoyant jet. For a 
relatively	 short	 initial	 distance,	 the	effluent	 behaves	
like a momentum jet spreading both laterally and 
vertically due to turbulent mixing. After this stage, 
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vertical entrainment becomes inhibited due to 
buoyant damping of the turbulent motions, and the 
jet experiences strong lateral spreading. During 
stagnant ambient conditions, ultimately a reasonably 
thin layer may be formed at the surface of the 
receiving water. This thin layer can undergo the 
transient buoyant spreading motions depicted in 
Figure 2.6a.



In	 the	 presence	 of	 ambient	 crossflow,	 buoyant	
surface jets may exhibit any one of following three 
types	 of	 flow	 features.	 They	 may	 form	 a	 weakly	
deflected	jet	that	does	not	interact	with	the	shoreline	
(Figure	 2.6b).	 When	 the	 crossflow	 is	 strong,	 they	
may attach to the downstream boundary forming a 
shore-hugging plume (Figure 2.6c). When a high 
discharge	 buoyancy	 flux	 combines	 with	 a	 weak	
crossflow,	 the	 buoyant	 spreading	 effects	 can	 be	 so	
strong that an upstream intruding plume is formed 
that also stays close to the shoreline (Figure 2.6d).



i) Free Deflected Jet/Plume
   in Crossflow



ii) Wake Attachment of
    Jet/Plume



i) Free Jet ii) Attached Jet



a) Wake Attachment



b) Coanda Attachment 



ua ua



Figure 2.5 Examples of wake (crossflow induced) attachment and Coanda attachment 
conditions for jets discharging near bottom boundaries.



2.1.1.4  Intermediate-Field Effects for 
Multiport Diffuser Discharges



Some multiport diffuser installations induce 
flows	 in	 shallow	 water	 which	 extend	 beyond	 the	
strict	 near-field	 region.	 The	 resulting	 plumes	 are	
sometimes referred to as the “intermediate-field” 
(23) because they interact with the receiving water 
at distances that are substantially greater than the 
water depth; the order of magnitude of the water 
depth	 is	 typically	 used	 to	 define	 the	 dimensions	 of	
the	 near-field	 region.	 Intermediate	 fields	may	 occur	
when a multiport diffuser represents a large source 
of momentum with a relatively weak buoyancy 
effect. Such a diffuser will have an unstable near-
field	 with	 shallow	 water	 conditions.	 For	 certain	
diffuser geometries (e.g. unidirectional & staged 
diffuser types; see Chapter 4) strong motions can 
be induced in the shallow water environment in the 
form of vertically mixed currents that laterally entrain 
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ambient water and may extend over long distances 
before they re-stratify or dissipate their momentum. 



2.1.2  Far-Field Processes 
Far-field	mixing	processes	are	characterized	by	 the	
longitudinal	 advection	 of	 the	 mixed	 effluent	 by	 the	
ambient current velocity.



2.1.2.1  Buoyant Spreading Processes



Buoyant	 spreading	 is	 defined	 as	 the	 horizontally	
transverse	 spreading	 of	 the	 mixed	 effluent	 flow	
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Figure 2.6 Typical buoyant surface jet mixing flow patterns under stagnant or flowing ambient 
conditions.



while it is being advected downstream by the 
ambient current. Such spreading processes arise 
due to the buoyant forces caused by the density 
difference	of	 the	mixed	 flow	 relative	 to	 the	ambient	
density. They can be effective transport mechanisms 
that	 can	 quickly	 spread	 a	 mixed	 effluent	 laterally	
over large distances in the transverse direction, 
particularly	 in	cases	of	strong	ambient	stratification.	
In	 this	 situation,	 effluent	 of	 considerable	 vertical	
thickness at the terminal level can collapse into a 
thin but very wide layer unless this is prevented by 
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lateral boundaries. If the discharge is non-buoyant 
or	 weakly	 buoyant,	 and	 the	 ambient	 is	 unstratified,	
there	is	no	buoyant	spreading	region	in	the	far-field,	
only a passive diffusion region.



Depending	on	the	type	of	near-field	flow	and	ambient	
stratification,	 several	 types	 of	 buoyant	 spreading	
may	occur.	These	include:	



•	 Spreading	at	the	water	surface



•	 Spreading	at	the	bottom



•	 Spreading	 at	 a	 sharp	 internal	 interface	
(pycnocline) with a density jump



•	 Spreading	 at	 the	 terminal	 level	 in	 continuously	
stratified	ambient	fluid
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Figure 2.7 Buoyant spreading processes downstream of the near-field region (example of 
spreading along the water surface).



As	an	example,	the	definition	diagram	and	structure	
of surface buoyant spreading processes somewhat 
downstream	of	the	discharge	in	unstratified	crossflow	
is shown in Figure 2.7.



The	 laterally	 spreading	 flow	 behaves	 like	 a	 density	
current	and	entrains	some	ambient	fluid	in	the	“head	
region” of the current. During this phase, the mixing 
rate is usually relatively small, the layer thickness 
may decrease, and a subsequent interaction with 
a shoreline or bank can impact the spreading and 
mixing processes.











 15



Background:	Mixing	Processes	and	Mixing	Zone	Regulations	 Chapter	2	



2.1.2.2  Passive Ambient Diffusion 
Processes



The existing turbulence in the ambient environment 
becomes the dominating mixing mechanism at 
sufficiently	large	distances	from	the	discharge	point.	
In	 general,	 the	 passively	 diffusing	 flow	 grows	 in	
width and thickness until it interacts with the channel 
bottom	and/or	banks	as	illustrated	in	Figure	2.8.



The strength of the ambient diffusion mechanism 
depends on a number of factors relating mainly 
to	 the	 geometry	 of	 the	 ambient	 shear	 flow	 and	 the	
amount	 of	 ambient	 stratification.	 In	 the	 context	 of	
classical diffusion theory (19), gradient diffusion 
processes	 in	 the	bounded	flows	of	 rivers	or	narrow	
estuaries can be described by constant diffusivities 
in the vertical and horizontal direction that depend 



on turbulent intensity and on channel depth or width 
as the length scales. In contrast, wide “unbounded” 
channels or open coastal areas are characterized 
by plume size dependent diffusivities leading to 
accelerating plume growth described, for example, 
by	 the	 “4/3	 law”	 of	 diffusion.	 In	 the	 presence	 of	 a	
stable	 ambient	 stratification,	 the	 vertical	 diffusive	
mixing is generally strongly damped.



2.2  Mixing Zone Regulations



The discharge of waste water into a water body can 
be considered from two vantage points regarding its 
impact on ambient water quality. On a larger scale, 
seen over the entire receiving water body, care must 
be taken that water quality conditions that protect 
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Figure 2.8 Passive ambient diffusion process with advection in the far-field.
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designated	beneficial	uses	are	achieved.	This	is	the	
realm of the general waste load allocation (WLA) 
procedures and models.



On a local scale, or in the immediate discharge 
vicinity, additional precautions must be taken to 
insure that high initial pollutant concentrations are 
minimized and constrained to small zones, areas, 
or	 volumes.	 The	 generic	 definition	 of	 these	 zones,	
commonly referred to as “mixing zones”, is embodied 
in federal water quality regulations and often cited 
in the regulations of permit granting authorities. As 
stated previously, mixing zones are administrative 
constructs that are independent of hydrodynamic 
mixing processes. 



2.2.1  Regulatory Background 
The	 Clean	 Water	Act	 of	 1977	 defines	 five	 general	
categories of pollutants (46).	These	are:	



•	 Conventional



•	 Nonconventional



•	 Toxics



•	 Heat	



•	 Dredge	and	Fill	Spoil



The Act distinguishes between new and existing 
sources	 for	 setting	 effluent	 standards.	 Pollutants	
designated as “conventional” would be “generally 
those pollutants that are naturally occurring, 
biodegradable, oxygen demanding materials 
and solids. In addition, compounds which are not 
toxic and which are similar in characteristics to 
naturally occurring, biodegradable substances are 
to be designated as conventional pollutants for the 
purposes of the provision.” Examples of conventional 
pollutants	 are:	 biochemical	 oxygen	 demand	 (BOD),	
total suspended solids (TSS), and fecal coliform 
bacteria. Pollutants designated as “nonconventional” 
would be “those which are not toxic or conventional”.  
Examples	 of	 nonconventional	 pollutants	 are:	
chemical	 oxygen	 demand	 (COD),	 fluoride,	 and	
ammonia. “Toxic” pollutants are those that cause 
harmful effects, either acute or chronic, at very low 
concentrations. Examples of some designated toxic 
substances are nickel, chloroform, or benzidine.



2.2.2  Mixing Zone Definitions
The	mixing	zone	 is	defined	as	an	 “allocated	 impact	
zone” where numeric water quality criteria can be 
exceeded as long as acutely toxic conditions are 
prevented. A mixing zone can be thought of as a 
limited area or volume where the initial dilution of 
a discharge occurs (46). Water quality standards 
apply at the boundary of the mixing zone, but not 
within the mixing zone itself. The USEPA and its 
predecessor agencies have published numerous 
documents giving guidance for determining mixing 
zones. Guidance published by USEPA in the 1984 
Water Quality Standards Handbook (46) supersedes 
these sources. A conceptual diagram for regulatory 
mixing zones appears in Figure 2.9.



In setting requirements for mixing zones, USEPA 
requires that “the area or volume of an individual 
zone or group of zones be limited to an area or 
volume as small as practicable that will not interfere 
with the designated uses or with the established 
community of aquatic life in the segment for which 
the uses are designated,” and the shape be “a 
simple	configuration	that	is	easy	to	locate	in	the	body	
of water and avoids impingement on biologically 
important areas,” and “shore hugging plumes should 
be avoided” (47).



USEPA rules for mixing zones recognize the State 
has discretion whether or not to adopt a mixing zone 
and to specify its dimensions. The USEPA allows 
the use of a mixing zone in permit applications 
except where one is prohibited in State regulations. 
A previous review (11) of individual State mixing 
zone policies (46,47) found that 48 out of 50 States 
make use of a mixing zone in some form with the 
exceptions of Arizona and Pennsylvania. State 
regulations dealing with streams or rivers generally 
limit mixing zone widths or cross-sectional areas, 
and allow lengths to be determined on a case by 
case basis.



In the case of lakes, estuaries and coastal waters, 
some states specify the surface area that can be 
affected by the discharge. The surface area limitation 
usually applies to the underlying water column and 
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benthic	area.	In	the	absence	of	specific	mixing	zone	
dimensions, the actual shape and size is determined 
on a case-by-case basis. 



Special	mixing	zone	definitions	have	been	developed	
for the discharge of municipal wastewater into the 
coastal ocean, as regulated under Section 301(h) 
of the Clean Water Act (47). Frequently, these 
same	 definitions	 are	 also	 used	 for	 industrial	 and	
other discharges into coastal waters or large lakes, 
resulting in a plurality of terminology. For those 
discharges, the mixing zone was labeled as the 
“zone of initial dilution” in which rapid mixing of the 
waste stream (usually the rising buoyant fresh water 
plume within the ambient saline water) takes place. 
USEPA requires that the “zone of initial dilution” be 
a regularly shaped area (e.g. circular or rectangular) 
surrounding the discharge structure (e.g. submerged 
pipe or diffuser line) that encompasses the regions of 
high (exceeding standards) pollutant concentrations 
under design conditions (47). In practice, limiting 
boundaries	 defined	 by	 dimensions	 equal	 to	 the	



Figure 2.9 Conceptual diagram for a regulatory mixing zone (RMZ). Water quality criteria apply 
at the boundary of the RMZ. Within the RMZ may be a Toxic Dilution Zone (TDZ).



water depth measured horizontally from any point of 
the discharge structure are accepted by the USEPA 
provided they do not violate other mixing zone 
restrictions (47).



2.2.3  Special Mixing Zone 
Requirements for Toxic 
Substances



USEPA maintains two water quality criteria for the 
allowable	 concentration	 of	 toxic	 substances:	 a	
criterion maximum concentration (CMC) to protect 
against acute or lethal effects; and a criterion 
continuous concentration (CCC) to protect against 
chronic effects (48). The CMC value is greater 
than or equal to the CCC value and is generally 
more restrictive. The CCC must be met at the edge 
of	 the	 same	 regulatory	 mixing	 zone	 specified	 for	
conventional and nonconventional discharges.



Lethality to passing organisms within the mixing 
zone	can	be	prevented	in	one	of	four	ways:



Outfall



Acute criteria met
(CMC values)



Chronic criteria met
(CCC values)



Ambient 
Water Body



Boundary
InteractionS
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o
r
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1. Meet the CMC criterion within the pipe itself. 



2. Meet the CMC within a short distance from the 
outfall. If dilution of the toxic discharge in the 
ambient environment is allowed, a toxic dilution 
zone (TDZ), which is usually more restrictive 
than the legal mixing zone for conventional 
and nonconventional pollutants, may be used. 
The revised 1991 Toxics TSD document (1) 
recommends for new discharges a minimum 
exit velocity of 3 meters per second (10 feet 
per	second)	in	order	to	provide	sufficiently	rapid	
mixing that would minimize organism exposure 
time to toxic material. The TSD does not set a 
requirement in this regard, recognizing that the 
restrictions listed in the following paragraph can 
in many instances also be met by other designs, 
especially if the ambient velocity is large.



3. The outfall design must meet the most restrictive 
of	the	following	geometric	restrictions	for	a	TDZ:



•	 The	 CMC	 must	 be	 met	 within	 10%	 of	 the	
distance from the edge of the outfall structure 
to the edge of the regulatory mixing zone in any 
spatial direction.



•	 The	CMC	must	 be	met	within	 a	 distance	 of	 50	
times the discharge length scale in any spatial 
direction.	The	discharge	 length	scale	 is	defined	
as the square root of the cross-sectional area of 
any discharge outlet. This restriction is intended 
to ensure a dilution factor of at least 10 within 
this distance under all possible circumstances, 
including situations of severe bottom interaction 
and surface interaction.



•	 The	CMC	must	be	met	within	a	distance	of	five	
times the local water depth in any horizontal 
direction.	 The	 local	 water	 depth	 is	 defined	 as	
the natural water depth (existing prior to the 
installation of the discharge outlet) prevailing 
under	mixing	zone	design	condition	(e.g.	low	flow	
for rivers). This restriction will prevent locating 
the discharge in very shallow environments 
or very close to shore, which would result in 
significant	 surface	 and	 bottom	 concentrations	
(48).



4. Show that a drifting organism would not 
be exposed more than 1-hour to average 
concentrations exceeding the CMC.



2.2.4  Current Permitting Practice 
on Mixing Zones



It	 is	 difficult	 to	 generalize	 the	 actual	 practice	 in	
implementing the mixing zone regulations, given the 
large number and diverse types of jurisdictions and 
permit-granting authorities involved. By and large, 
however, current procedure falls into one of the 
following approaches, or may involve a combination 
thereof.



•	 The	mixing	 zone	 is	 defined	 by	 some	numerical	
dimension, as discussed in Section 2.2. The 
applicant then must demonstrate that the 
existing or proposed discharge meets all 
applicable standards for conventional pollutants 
or for the CCC of toxic pollutants at the edge of 
the	specified	mixing	zone.



•	 No	 numerical	 definition	 for	 a	 mixing	 zone	 may	
apply. In this case a mixing zone dimension 
may be proposed by the applicant. To do so the 
applicant generally uses actual concentration 
measurements for existing discharges, dye 
dispersion tests or model predictions to show 
at what plume distance, width, or region, the 
applicable standard will be met. The applicant 
may use further ecological or water use-
oriented arguments to demonstrate that the size 
of that predicted region provides reasonable 
protection. The permitting authority may evaluate 
that proposal, or sometimes pursue its own 
independent proposal for a mixing zone



One or a combination of the above approaches often 
resembles a negotiating process with the objective 
of providing optimal protection of the aquatic 
environment consistent with other uses.



Regarding the acute or CMC criterion for toxic 
pollutants, the spatial restrictions embodied in 
the Toxics TSD document (48)	 call	 for	 specific	
demonstrations of how the CMC criterion is met at 
the	edge	of	 the	TDZ”.	Again,	 field	 tests	 for	 existing	
discharges or predictive models may be used.
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2.2.5  Relationship Between Actual 
Hydrodynamic Processes 
and Mixing Zone Dimensions 



The spatial requirements in mixing zone regulations 
are not always correlated with actual hydrodynamic 
processes of mixing. With few exceptions, the 
toxic	 dilution	 criteria	 apply	 to	 the	 near-field	 of	



most discharges since the TDZ criteria (49) are 
spatially highly restrictive. The regular mixing zone 
boundaries, however, may be located in the near-
field	 or	 the	 far-field	 of	 the	 actual	 effluent	 discharge	
flow	 since	 they	 are	 administratively	 determined	
by the permit-granting authority. Thus, the analyst 
must have tools at his disposal with the capability to 
address	both	the	near-	and	far-field	situations.	
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General Features of the CORMIX System Chapter 3 



This chapter provides a general description of 
common features within CORMIX, a computer-
aided-design (CAD) system for outfall design 
and mixing zone analysis. The system contains 
several integrated software tools (subsystems) 
for	 specification,	 simulation,	 visualization,	 and	
documentation of mixing zones from point source 
discharges. These subsystem functions are available 
in various pre- and postprocessor tools described in 
this chapter.



Simulation model selection in CORMIX is controlled 
by the Graphical user interface (GUI) and mixing 
zone rulebase. Based upon input data, CORMIX 
employs the rulebase to execute the appropriate 
hydrodynamic simulation model based upon the 
discharge	and	environment	data	specified.



Users enter data through a forms-based GUI. In 
CORMIX, the data forms are a series of “tabs” placed 
like “folders” on the desktop interface as shown in 
Figure 3.1. Each tab represents a data group, e.g. 
effluent	 properties,	 ambient	 conditions,	 discharge	
properties, etc. Users sequentially complete each 
tab form to execute a simulation.



CORMIX	 Version	 5.0	 has	 four	 core	 hydrodynamic	
simulation models to simulate diverse discharge 
situations. These hydrodynamic models are 
CORMIX1, CORMIX2, CORMIX3, and DHYDRO for 
single	 port,	 multiport,	 surface,	 and	 dense/sediment	
discharges, respectively. CORMIX1 is for the 
analysis of single port sources submerged or above 
the water surface. CORMIX2 is for submerged 
multiport diffusers. CORMIX3 is for buoyant surface 
(shoreline)	 discharges.	 DHYDRO	 is	 for	 brine	 and/
or sediment discharges from single port, multiport 
diffusers, or negatively buoyant surface discharges 



Chapter 3
General Features of the CORMIX System



in laterally unbounded coastal environments with 
sloping bottoms. 



Extensive user help is available by using “Online 
Help,” which connects the user to web-based User 
Guides. The User Guides lists all program features, 
icon descriptions, function descriptions, and hints for 
the user. There are more than 10 levels of user help 
available for data entry and program control within 
the system.



As mentioned previously, access to the simulation 
models is controlled internally through the system 
rulebase. CORMIX is unique among environmental 
simulation models in that it is “data driven” - users 
enter data to describe the discharge and ambient 
conditions. CORMIX using rule-based expert 
systems technology then automatically  determines 
the most appropriate hydrodynamic model to 
simulate	the	conditions	specified	by	the	user.



Several pre- and postprocessor tools are available 
for data preparation, visualization, and model 
validation. For example, CorSpy is a preprocessor 
for	 interactive	3D	display	and	specification	of	outfall	
properties; while CorJet is a postprocessor model 
for	 detailed	 near-field	 analysis	 for	 single	 port	 and	
multiport diffusers in unbounded environments. 
Additionally	 CorJet	 allows	 specification	 of	 varying	
ambient current speed and direction with arbitrary 
stable	 density	 profiles.	 The	 Far-field	 Locator	 (FFL)	
is	 a	 postprocessor	 for	 locating	 far-field	 plume	
predictions in non-uniform channels. The following 
Section 3.1 and 3.2 provide detailed guidance for 
developing the required input data and understanding 
program output. Reference is made throughout this 
document	 to	 CORMIX	 Version	 5.0	 dated	 March	
2007; other versions may differ substantially. 
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3.1 Overview



The CORMIX system represents a robust and 
versatile CAD methodology for predicting qualitative 
features	 (e.g.	 flow	 classification)	 and	 quantitative	
aspects (e.g. dilution ratio, plume trajectory) of the 
hydrodynamic mixing processes resulting from 
different	 discharge	 configurations	 and	 in	 all	 types	
of ambient water bodies, including small streams, 
large rivers, lakes, reservoirs, estuaries, and coastal 
waters.	The	methodology:	



•	 Has	been	extensively	verified	by	the	developers	
through comparison of simulation results to 
available	 field	 and	 laboratory	 data	 on	 mixing	
processes (1,11,35).



•	 Has	 undergone	 independent	 peer	 review	 	 in	
journal proceedings (2,3,5,12,13,14,15,16,17, 25, 
26,27,28,29,33,35,40,42).



•	 Has	 extensive	 quality	 assurance	 features	
such as extensive simulation documentation, 
benchmarking tools, and a model validation 
database (18).



•	 Is	equally	applicable	to	a	wide	range	of	problems	
from a simple single submerged pipe discharge 
into a small stream with rapid cross-sectional 
mixing to a complicated multiport diffuser 
installation	in	a	deeply	stratified	coastal	water	(7,  
20,22,34,54,55).



System experience suggests that CORMIX1 (single 
ports, shown in Figure 3.2a applies to more than 
95% of single-port designs, CORMIX2 (submerged 
multiport diffuser, illustrated by Figure 3.2b) applies 
to more than 80% of multiport diffusers, and 
CORMIX3 (surface buoyant discharge, shown in 
Figure 3.2c) applies to more than 90% of surface 
discharges. Negatively buoyant point sources with or 
without high suspended sediment loads discharged 
into unbounded coastal environments are simulated 
by DHYDRO in more than 80% of such cases.



Lack of applicability is usually given by highly non-
uniform	 ambient	 flow	 conditions	 that	 are	 prone	 to	
locally	 recirculating	 flows.	 Other	 non-applicable	
cases may arise to complicated discharge 
geometries in which case CORMIX advises the 



Figure 3.1 The main Graphic User Interface (GUI) for CORMIX v5.0. Data is entered in a series 
of stacked “tabs” or “folders”. Each tab groups related input data which include  
1) Project Description, 2) Effluent Properties, 3) Ambient Conditions, 4) Discharge 
Type, 5) Mixing Zone Definitions, and 6) Output control.
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tools described in Chapter 6 have additional details 
on assessing simulation model performance. 



The methodology provides answers to questions 
that typically arise during application of mixing zone 
regulations for conventional and toxic discharges. 
More importantly, guidance is offered in the context 



user not to proceed with the analysis. Whenever 
the model is applicable, extensive comparison with 
available	 field	 and	 laboratory	 data	 has	 shown	 that	
CORMIX predictions on dilutions and concentrations, 
with associated plume geometries, are generally 
accurate to within ± 50% (standard deviation) or less.  
The mixing model benchmarking and case validation 



3.2 a 3.2 b



3.2 c 3.2 d



Figure 3.2  Examples of single port, multiport diffuser, surface (shoreline), and sediment 
discharge sources.



 a) Example of a single port discharge simulated by CORMIX1. In this case, the 
discharge is located above the water surface. CORMIX1 simulates single ports 
above or below the water surface.



b) Example of an alternating multiport diffuser under construction in Lake Cayuga, 
New York. This diffuser will be submerged into a trench excavated 10 m below the 
water surface. Submerged multiport diffusers are simulated by CORMIX2.



c) Shoreline or surface discharge of acid mine waste into a river with ambient flow right 
to left. This discharge type is modeled by CORMIX3.



d) Negatively buoyant shoreline and/or sediment discharge sources are modeled with 
simulation model DHYDRO within CORMIX. 











CORMIX User Manual



24 



3.2.1  CORMIX Hydrodynamic 
Simulation Models



CORMIX1 predicts the geometry and dilution 
characteristics	 of	 effluent	 flow	 resulting	 from	 a	
single port diffuser discharge of arbitrary density 
(positively, neutrally, or negatively buoyant),  location, 
and geometry into an ambient receiving water body 
that	may	 be	 stagnant	 or	 flowing	 and	 have	 ambient	
density	stratification	of	different	types.	An	example	of	
a single port (above surface) discharge appears in 
Figure 3.2a.



CORMIX2 applies to three commonly used types 
of multiport diffuser discharges under the 
same	 general	 effluent	 and	 ambient	 conditions	
as CORMIX1. An example of a multiport diffuser 
structure appears in Figure 3.2b. CORMIX2 analyzes 
unidirectional, staged, and alternating designs of 
multiport diffusers and allows for arbitrary alignment 
of the diffuser structure within the ambient water 
body and for arbitrary arrangement and orientation 
of the individual ports. For complex hydrodynamic 
cases, CORMIX2 uses the “equivalent slot 
diffuser” concept and thus neglects the details of 
the individual jets issuing from each diffuser port 
and their merging process, but rather assumes 
that	 the	 flow	arises	 from	a	 long	 slot	 discharge	with	
equivalent dynamic characteristics (27). Hence, if 
details	of	the	effluent	flow	behavior	in	the	immediate	
diffuser vicinity are needed, an additional CORMIX1 
simulation	for	an	equivalent	partial	effluent	flow	may	
be recommended.



CORMIX3 analyzes buoyant surface discharges 
that	 result	 when	 an	 effluent	 enters	 a	 larger	 water	
body laterally through a canal, channel, or near-
surface pipe. A surface discharge is illustrated in 
Figure 3.2c. In contrast to CORMIX1 and CORMIX2, 
it	is	limited	to	positively	or	neutrally	buoyant	effluents.	
Different discharge geometries and orientations can 
be	 analyzed	 including	 flush	 or	 protruding	 channel	
mouths, and orientations normal, oblique, or parallel 
to the bank.



DHYDRO	 simulates	 dense	 brine	 and/or	 sediment	
discharges from single port, multiport diffuser, or 



of the customary approaches used in evaluating 
and implementing mixing zones. This interaction 
provides a common framework for both applicants 
and regulatory personnel to arrive at a consensus 
based on the available dilution and plume trajectory 
for	the	site	and	effluent	discharge	characteristics.	



The system also provides a way for personnel 
with little or no training in hydrodynamics to 
investigate improved design solutions for aquatic 
discharge structures. To limit misuse, the system 
contains limits of applicability that prevent the 
simulation of situations for which no safe predictive 
methodology exists or for discharge geometries that 
are undesirable from a hydrodynamic viewpoint. 
Furthermore, warning messages, extensive data 
screening mechanisms, and alternative design 
recommendations are furnished by the system. The 
system	 is	 not	 foolproof	 however,	 and	 final	 results	
should always be examined for reasonableness.



Finally, CORMIX is an educational tool that intends 
to	make	the	user	more	knowledgeable	about	effluent	
discharge and mixing processes. The system is 
not intended to be a black box that produces a 
final	 numerical	 or	 graphical	 output,	 but	 contains	
interactive menus of user guidance, help options, 
and explanatory material of the relevant physical 
processes. This documentation assists users in 
understanding model predictions and exploring the 
sensitivity of model predictions to assumptions. 



3.2  Capabilities and Major 
Assumptions of the 
Simulation Tools



This	 section	 will	 first	 describe	 the	 hydrodynamic	
simulation models. Each of the models will 
be discussed based upon discharge source 
assumptions, model limitations, and systems 
capabilities.  It is followed by a discussion of 
the	 preprocessing	 tools	 for	 data	 specification.	
The section will end with a description of the 
postprocessing tools for visualization, documentation, 



and model validation. 
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Figure 3.3 CorSpy provides 3D illustration of outfall geometry.



surface discharge sources in laterally unbounded 
coastal environments with offshore sloping bottom 
bathymetry. An example of a pipeline dredge 
discharge with high suspended sediment simulated 
with DHYDRO is shown in Figure 3.2d.



Additional	major	assumptions	include	the	following:



•	 CORMIX1,	 2,	 and	 3	 require	 that	 the	 actual	
cross-section of the water body be described 
(or schematized) as a rectangular straight 
uniform channel that may be bounded laterally 
or unbounded. The ambient velocity is assumed 
to be uniform within that schematized cross-
section.



•	 In	 addition	 to	 a	 uniform	 ambient	 density	
possibility, CORMIX1 and 2 allow for three 
generic	 types	 of	 two-layer	 ambient	 stratification	
profiles	 to	be	used	 for	approximating	 the	actual	
vertical density distribution (see Section 4.3).



•	 All	CORMIX	subsystems	are	in	principle	steady-
state models, however, new developments 
allow the analysis of unsteady mixing in tidal 
environments.



•	 All	 CORMIX	 systems	 can	 predict	 mixing	 for	
conservative	 and	 first-order	 decay	 processes,	
and can simulate heat transfer from thermal 
plumes.



•	 For	strongly	negatively	buoyant	discharges	such	
as brines and sediments, DHYDRO allows for 
sloping bottoms in laterally unbounded coastal 
environments. In addition, DHYDRO allows up 
to	three-layers	in	ambient	density	specification.



3.2.2  Preprocessing Tools:  
CorSpy, CorGIS



CorSpy is an interactive 3-D graphics preprocessor 
for	 outfall	 specification.	 Users	 can	 	 visualize	 single	
port, multiport diffusers, and surface (shoreline) 
outfall geometry, including ambient boundaries. The 
coordinate system, origin, outfall orientation angles, 
and details of the port alignment are shown with 
interactive camera and object position controls. An 
example of a CorSpy image is shown in Figure 3.3. 
CorSpy can load data directly from the CORMIX GUI 
for visualization of input data. Additionally CorSpy 
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3.2.3  Postprocessing Tools:  
CorJet, CorVue, CorSens, 
CorVal, and FFL



CorJet, the Cornell Buoyant Jet Integral Model, 
is a buoyant jet integral model that predicts jet 
trajectory and dilution characteristics of a single round 
jet or of a series of merging jets from a multiport 
diffuser with arbitrary discharge direction and 
positive, neutral, or negative buoyancy in a general 
ambient environment. The ambient conditions can be 
highly non-uniform with ambient current magnitude, 
current direction, and density a function of vertical 
distance. In general, CorJet can be used as an 
enhancement	 to	 the	 near-field	 predictions	 provided	
by CORMIX1 or 2 in order to investigate local 
details	that	have	been	simplified	within	the	CORMIX	
representation. The major limitation of CorJet lies 
in the assumption of an infinite receiving water 
body, similar to all other available jet integral type 



has	 its	 own	 GUI	 for	 more	 detailed	 specification	
of outfall data.  Data from the CorSpy GUI can be 
saved and loaded into the CORMIX GUI. Additional 
details about CorSpy are discussed in Chapter 6 and  
the on-line User Guide.



CorGIS is a preprocessor tool that links the USEPA 
BASINS database to CORMIX for assistance with 
input	data	specification.	CorGIS	 is	an	avenue	script	
that	is	loaded	as	an	ArcView	extension	into	BASINS.	
Within BASINS, the user selects the discharge 
site and ambient water body then the extension 
creates	 an	 output	 file	 that	 can	 be	 directly	 loaded	
into CORMIX. Ambient data available to load into 
CORMIX	include	average	depth,	discharge	flowrate,	
ambient temperature, Manning’s N. Discharge 
flowrate	data	is	also	available.	



Plume is visualized in color with 
relationships to coordinate 
system and boundaries.



Functions are available to show regulatory 
mixing zone  (RMZ) and toxic dilution zone 
(TDZ) boundaries.



User selectable 
distortion scale.



Figure 3.4 CorVue provides 3D images of plume mixing and highlights physical mixing 
processes and regulatory compliance.
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models. Thus, CorJet should only be used after an 
initial	CORMIX	classification	has	 shown	a	 single	or	
multiple port discharge is indeed of the deep water 
type, i.e. hydrodynamically stable, without boundary 
interactions.



CorVue is a postprocessor interactive 3-D 
visualization tool that displays mixing zone processes 
and	the	behavior	of	wastewater	plumes.	Visualization	
tools	address	plume	boundary	interaction,	near-field	
dynamic attachments, instabilities, density currents, 
upstream buoyant spreading, and formation of 
density-stratified	 terminal	 layers.	 Visualizations	
are	 supported	 for	 all	 simulation	 models	 and	 flow	
classifications	within	CORMIX.	



CorSens is a postprocessor tool that varies 
discharge and ambient parameters for a model 
sensitivity analysis. Because there are no user-
adjustable	 coefficients	 within	 CORMIX,	 changes	
in	 ambient	 and	 discharge	 conditions	 can	 influence	
mixing zone behavior. CorSens automatically creates 
a series of simulations and presents graphical and 
tabular output of simulation results.



FFL, the Far-Field Plume Locator, uses the 
cumulative discharge method to delineate the 
CORMIX	 predicted	 far-field	 plume	within	 the	 actual	
irregular (meandering or winding) river or estuary 
channel geometry with uneven distribution of the 
ambient	flow.		An	example	of	a	meandering	river	and	
plume is shown in Figure 3.5 where the plume width 
changes with the downstream cross-section.



CorVal is a postprocessor that provides model 
validation	 for	 a	 given	 CORMIX	 simulation.	 CorVal	
is an interactive web-based service available by 
subscription only. This service can validate a client’s 
CORMIX model prediction with available case study 
data	contained	within	the	CorVal	database	of	several	
hundred plume dilution experiments. The dilution 
database is derived from published laboratory and 
field	studies	of	buoyant	jet	mixing	and	plume	dilution.	
This system is currently restricted to submerged 
single port discharges into uniform ambient 
environments.	 CorVal	 provides	 regression	 statistics	
and graphs of predicted versus measured values. 



Figure 3.5 The Far-field Locator (FFL post-processor in CORMIX adjust CORMIX plume 
predictions to changes in downstream cross-section as illustrated by this riverine 
dye test (ambient flow from left to right).
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Mixing Zone Process Knowledge Base (Rule-
based expert system), Hydrodynamic Simulation 
Models,	 and	 Outfall	 Design/System	 Documentation	
Tools. The user interacts with the Windows GUI 
and is the program element for data entry and 
initialization of all subsequent program elements. 
The rulebases use the input data to check for data 
consistency with model assumptions and compute 
a number of important physical parameters and 
length scales. This processing is a precursor 
to	 the	 hydrodynamic	 classification	 of	 the	 given	
discharge/ambient	 situation	 into	 one	 of	 many	
possible	 generic	 flow	 configurations.	 After	 flow	
classification,	 the	 appropriate	 hydrodynamic	 model	
(e.g. CORMIX1, CORMIX2, DHYDRO, etc.) is 
selected internally by the rulebase and performs the 
actual	 detailed	 numerical	 prediction	 of	 the	 effluent	
plume characteristics. Finally, a rulebase provides 
a	summary	of	the	results	from	the	classification	and	
prediction, interprets them in regards to mixing zone 
regulations and suggests design alternatives. At this 



3.3  System Processing 
Sequence and Structure



The conceptual CORMIX layout appears in Figure 
3.6.	 This	 figure	 indicates	 the	 system	 structure	 and	
the execution sequence of program elements. The 
system has overall common data input features. 



During program execution, the data is collected from 
the user by completing each data entry form “tab”, 
with each “tab” form representing a data group such 
as	effluent	properties,	ambient	conditions,	etc.	Each	
data entry box provides multi-level user help and will 
provide a warning prompt in response to inconsistent  
or incorrect input data. This may somewhat extend 
the total time required for a single CORMIX session 
rather	than	just	creating	a	“batch”	data	input	file,	but	
has	an	offsetting	benefit	of	allowing	the	user	to	gain	
process knowledge and insight on design sensitivity. 



The common program elements of CORMIX are 
composed of the graphic user interface (GUI), 



Figure 3.6 CORMIX system elements and conceptual linkages.
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point, the user can iterate solutions by altering data 
input	 values	 and/or	 conduct	 a	 sensitivity	 analysis.		
For example, the user can perform an iteration with 
different	 ambient/discharge/regulatory	 conditions,		
start a new design case, or make use of the 
postprocessor options.



Due to diverse programming requirements, CORMIX 
is	 written	 in	 the	 following	 programming	 languages:	
NEXPERT Object, an “expert systems shell”, 
C++, and FORTRAN. The expert system shell is 
powerful for knowledge representation and logical 
reasoning, while FORTRAN is adept at mathematical 
computations. Much of the system documentation 
is web-based and server-hosted using PHP 
scripts. Finally, C++ is used in the Windows GUI 
development	 and	 graphics	 packages	 CorVue	 and	
CorSpy.



3.4 CORMIX Data Input 
Features



All data is entered interactively in forms-based 
data entry.  The suggested data entry sequence is 
indicated by a “yellow highlight” in the appropriate 
data entry box. The data entry forms allow a 
complete	 specification	 of	 the	 physical	 environment	
of the discharge, as well as the applicable regulatory 
considerations for the situation undergoing analysis. 



A CORMIX simulation is conducted by completing 
six data entry forms (“tabs”) on six topics. These 
topics	 are	 prompted	 sequentially	 in	 this	 order:	 site/
case	 descriptions,	 effluent	 characteristics,	 ambient	
conditions, outfall properties, regulatory mixing zone 
definitions,	 and	 program	 output	 control.	 Although	
the suggested data entry sequence is guided by the 
system, the user can enter data in any order desired. 
Extensive program help is available by using the 
“Online help” function which loads the appropriate 
User Guide into a web browser.



Data may be entered and stored in mixed English 
and SI units, and most parameters have a menu 
pick list with several common data entry units.  
Upon program execution, all input data is converted 



internally to SI units (M-Kg-S) and all output reports 
in CORMIX contain only SI units.



Chapter 4 provides complete details on input 
specification.	Chapter 6 deals with input features of 
the postprocessor models CorJet and FFL.



3.5 Logic Elements of 
CORMIX: Flow 
Classification



To	 make	 predictions	 of	 an	 effluent	 discharge’s	
dilution and plume trajectory, CORMIX typically 
combines	 the	 solutions	 of	 several	 simple	 flow	
patterns to provide a complete analysis from the 
efflux	location	all	the	way	into	the	far-field.	



The logic processing element of CORMIX known as 
flow classification	 identifies	 solutions	 that	 should	
be combined to provide the complete analysis. 
Flow	 classification	 develops	 a	 generic	 qualitative	
description	 of	 the	 discharge	 flow	 and	 is	 based	 on	
known	 relationships	 between	 flow	 patterns	 and	
certain calculated physical parameters. 



The parameter rulebase is the program element that 
computes relevant physical parameters including 
various	 length	 scales,	 fluxes,	 and	 other	 values	
needed for the execution of other program elements. 
Length scales are calculated measures of the length 
of	 dynamic	 influence	 of	 various	 physical	 processes	
(see Chapters 4 and 5).



At	 the	 heart	 of	 CORMIX	 is	 a	 flow	 classification	
system	 contained	 in	 the	 classification	 rulebase.	 It	
provides a rigorous and robust expert knowledge 
base that carefully distinguishes among the many 
hydrodynamic	 flow	 patterns	 that	 a	 discharge	 may	
exhibit. Examples of these possibilities include 
discharge plumes attaching to the bottom, vertical 
mixing due to instabilities in shallow water, internal 
trapping	 due	 to	 density	 stratification,	 upstream		
intrusion against the ambient current due to 
buoyancy, and many others. Theoretically based 
hydrodynamic criteria using length scale analysis 
and	 empirical	 knowledge	 from	 laboratory	 and	 field	
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experimentation are applied in a systematic fashion 
to	 identify	 the	 most	 appropriate	 flow	 classification	
for a particular analysis situation. For all four 
hydrodynamic models, a total of about 160 generic 
flow	configurations	or	classes	can	be	distinguished.	



An	 example	 of	 a	 rule	 in	 the	 classification	 system	
appears in Figure 3.7.  CORMIX uses forward 
chaining and backward chaining logic to reach 
conclusions about the physical processes 
controlling	 the	 flow	within	 the	mixing	 zone.	 	Within	
the CORMIX rulebase approximately 1,500 “IF-
THEN”	 rules	 validate	 input	 data	 and	 assign	 flow	
classifications.	There	are	several	hundred	additional	
rules that control GUI functions contained within the 
hydrodynamic simulation models themselves.



The	 classification	 procedure	 of	 CORMIX	 is	 based	
on	 technical	 principles	 and	 has	 been	 verified	 by	
the developers through repeated testing and data 
comparison. It has also undergone independent 
peer review and the four documentation manuals 
(5,6,7,8)	 give	 the	 detailed	 scientific	 background	 for	
the	 classification	 scheme	according	 to	a	number	of	
criteria. The actual criteria constants are listed in the 
technical reports with comments on their sources and 
degree of reliability. Experienced users, especially 
those involved in research applications, may want 
to inspect these data values contained in the source 
code and occasionally vary some constant values 
within certain limits in order to examine if improved 
prediction	 fits	 with	 available	 high-quality	 data.	
Extreme caution must be exercised when making 
changes to criteria. Some values are interdependent; 
furthermore, if changes are made, they should be 
carefully documented. 



When	 the	 flow	 classification	 has	 been	 assigned,	 a	
description	of	the	particular	flow	class	is	available	to	
the	 user	 through	 the	 flow	 class	 (FC-Tree)	 function	
in the postprocessing drop down menu. These 
descriptions are also contained in the documentation 
reports	 (5,6,7).	 An	 example	 of	 the	 flow	 class	 (FC-
Tree) is given in Figure 3.8. It is recommended that 
the novice or intermediate user review these features 
to gain an appreciation of the involved hydrodynamic 
mixing processes.



3.6  Simulation Elements of 
CORMIX: Flow Prediction



Once	 a	 flow	 has	 been	 classified,	 CORMIX	
assembles and executes a sequence of appropriate 
hydrodynamic simulation models using CORMIX1, 
2, 3, or DHYDRO. Each hydrodynamic simulation 
consists	of:	



•	 Control	 programs	 or	 “protocols”	 for	 each	
hydrodynamic	flow	classification.



•	 A	 large	 number	 of	 subroutines	 or	 “simulation	
modules”	 corresponding	 to	 the	 particular	 flow	
processes and their associated spatial regions 
that	occur	within	a	given	flow	classification.



The simulation modules are based on buoyant 
jet similarity theory, buoyant jet integral models, 
ambient	 diffusion	 theory,	 stratified	 flow	 theory,	
and on simple dimensional analysis, as described 
elsewhere (5,6,7,8). The basic tenet of the 
simulation methodology is to arrange a sequence 
of relatively simple simulation modules which when 
executed together predict the trajectory and dilution 
characteristics	 of	 a	 complex	 flow.	 Each	 of	 the	
simulation	models	(modules)	use	 the	final	values	of	
the previous module as “initial conditions”.



3.7  Model Documentation, 
Design Features, 
Sensitivity Analysis, and 
Validation Tools



In addition to the pop-up and help menu feedback 
during user input, the CORMIX system provides 
these	 types	 of	 documentation	 on	 screen	 and/or	 in	
print:	



•	 Session report is a narrative summary mostly 
for regulatory evaluation of all discharge input 
data and global plume features, including 
compliance with mixing zone regulations.



•	 Prediction file is a detailed listing of all 
plume properties as predicted by the Fortran 
hydrodynamic simulation program.
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•	 Flow class description is a qualitative 
description of the physical processes controlling 
the	discharge/environment	interaction.



•	 Flow class tree is a graphical representation 
of	 the	 classification	 logic	 used	 to	 select	 the	
appropriate simulation protocol.



•	 Design recommendations are general 
advice for optimizing discharge conditions and 
performing sensitivity studies.



•	 Processing record shows the conclusions 
reached by the rulebase when processing input 
data	and	preforming	flow	classification.



•	 Rulebase browser shows the logic tree 
structure of the rulebase conclusions for data 
specification	and	flow	classification.



•	 CorSpy interactive graphics represent 3-D, 
plan, and side views of the outfall  geometry and 
ambient	data	specification.



•	 CorVue interactive graphics represent 3-D, plan, 
side, and trajectory views and concentration 
distribution of the predicted plume.



•	 CorSens is a simulation case generator for 
sensitivity analysis.  CorSens also produces 
graphs of a series of simulation results in a 
sensitively analysis.



3.7.1  CORMIX Session Report
The summary rulebase element interprets the 
hydrodynamic simulation results for the case under 
consideration. The output in the CORMIX Session 
Report	is	arranged	into	three	groups:	



1.	 Site	summary	gives	the	site	identifier	information,	
discharge and ambient environment data, and 
discharge length scales.



2. Hydrodynamic simulation and mixing zone 
summary lists conditions at the end of the near-
field	region	(NFR),	regulatory	mixing	zone	(RMZ)	
conditions, toxic dilution zone (TDZ) conditions, 
region of interest (ROI) conditions, upstream 
intrusion information, bank attachment locations, 
and a passive diffusion mixing summary. Users 
should be cognizant of the four major zone 
definitions	and	associated	acronyms	 introduced	
above	and	defined	as	follows:



Figure 3.7 A rule from the CORMIX flow classification rulebase for Flow Class V2. CORMIX is 
“data-driven”.  A rule base screens input data for completeness and consistency, and 
then selects and executes the appropriate simulation model for the given discharge 
and environmental conditions.
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	•	 Near-Field	Region	(NFR):	The	NFR	is	simply	the	
zone of strong initial mixing, corresponding to 
the	 “near-field”	processes	discussed	 in	Chapter 
2. It has no regulatory implication whatsoever. 
However, the information on size and mixing 
conditions at the edge of the NFR is given as a 
useful guide to the discharge designer because 
mixing in the NFR is usually sensitive to design 
conditions, and therefore somewhat controllable. 
A	 notable	 exception	 is	 the	 effluent	 discharge	
into	very	shallow	flow-limited	streams	where	the	
actual discharge port design detail may have 
little bearing on instream concentrations.



•	 Regulatory	 Mixing	 Zone	 (RMZ):	 The	 RMZ	
corresponds	 to	either:	 (1)	 the	applicable	mixing	
zone	 regulation	with	 specified	 size	 dimensions,	
or (2) a preliminary proposal for a mixing zone 
(see Section 2.2.4).



•	 Toxic	Dilution	Zone	(TDZ):	The	TDZ	corresponds	
to	 the	 EPA’s	 definition	 of	 where	 toxic	 chemical	
concentrations may exceed the CMC value (see 
Section 2.2.3).



•	 Region	 of	 Interest	 (ROI):	 The	 ROI	 is	 a	 user	
defined	 region	 of	 the	 receiving	 water	 body	
where mixing conditions are to be analyzed. It 
is	 specified	 as	 the	 maximum	 analysis	 distance	
in	 the	 direction	 of	 mixed	 effluent	 flow	 and	 is	
particularly important when legal mixing zone 
restrictions do not exist or when information over 
a larger area is of interest.



3. Data analysis section presents further details 
on toxic dilution zone criteria, regulatory mixing 
zone criteria, stagnant ambient environment 
information, and region of interest criteria.



Finally, the summary can also be used as an 
interactive loop to guide the user back to data 
entry forms to alter design variables and perform 
sensitivity studies. Different options for iteration 
exist on the iteration menu depending on what input 
data changes are to be made. The importance of 
performing an ample number of CORMIX iterations 
cannot	 be	 sufficiently	 stressed.	 To	 obtain	 a	 design	
that adequately meets water quality and engineering 
construction objectives, it is necessary to get a feel 
for the physical situation and its sensitivity to design 
changes through repeated system use.



3.7.2  CORMIX Prediction File
The CORMIX Prediction File is a detailed listing of 
all simulation input data as well as the predicted 
plume properties (plume shapes and concentration 
distributions)	 arranged	 by	 the	 individual	 flow	
modules that form part of the simulation. Additional 
information, such as encounter of local mixing zone 
regulations, plume contact with bottom or shoreline, 
etc., are listed in the output. Detailed output features 
are discussed in Chapter 5.



3.7.3  Flow Class Description File
After	the	flow	has	been	classified	by	the	rulebase,	a	
qualitative	description	of	 the	flow	is	available	 in	 text	
output. This description describes the physical mixing 
processes within the mixing zone. Issues such as 
discharge stability, buoyant upstream intrusions, 
and boundary interaction processes are discussed. 
The	 flow	 class	 description	 facilitates	 understanding	
of physical mixing processes and the simulation 
methods used to predict mixing behavior. Details 
about	 the	 flow	 class	 description	 are	 discussed	 in	
Chapter 5.



3.7.4  Flow Classification Decision 
Tree (“FC Tree button”)



This	 function	 documents	 the	 flow	 class	 decision	
tree graphic used by the rulebase to assign a 
given	 flow	 classification.	 The	 images	 are	 delivered	
to the user online via the web browser.  This tree 
shows	a	generic	flow	profiles,	and	 illustrates	mixing	
zone	 issues	 such	 as	 near-field	 instability,	 buoyant	
upstream	density	current	intrusions,	and	internal	flow	
trapping	due	 to	density	stratification.	An	example	of	
the	flow	class	decision	tree	appears	in	Figure	3.8.



3.7.5  Design Recommendations
This contains design suggestions in three general 
areas	 for	 improving	 initial	 dilution.	 These	 include:	
(a) geometry variations in discharge port design, (b) 
sensitivity to ambient conditions, and (c) process 
variations	in	discharge	flow	characteristics.	The	user	
is given guidance on the potential changes in mixing 
conditions by varying parameter values within these  
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groups.



3.7.6  Processing Record
As the knowledge rulebase executes, details about 
plume behavior, mixing zone processes, and model 
selection are concluded. The processing record  
(filename.jrn) gives the user additional advice 
about	 input	data	specification,	model	selection,	and	
possible future iteration parameter choices for a 
mixing zone analysis. Detailed output features of the 
processing record are discussed in Chapter 5.



3.7.7  Rulebase Browser
The rulebase browser outlines the simulation logic 
used in the rulebases to verify input data and classify 
flows.	 The	 browser	 shows	 a	 logic	 tree	 structure	
showing the hypothesis and conditions concluded to 
be true in the rulebase.



3.7.8  CorSpy Outfall Graphics
CorSpy generates interactive 3-D as well as 2-D plan 
and side views of single port, multiport diffuser, and 
surface	outfall	configurations.	The	outfall	is	visualized		
with respect to the coordinate system, origin, water 
surface, and ambient boundaries. Graphics can be 
exported	 as	 a	 postscript	 file	 or	 saved	 with	 a	 “Print	
Screen” keyboard function as a bitmap graphic. 



3.7.9  CorVue Mixing Zone Graphics
CorVue	 generates	 interactive	 3-D	 as	 well	 as	 
2-D plan and side views of hydrodynamic model 
simulation	 results.	 CorVue	 can	 plot	 prediction	
files	 from	 CORMIX1,	 2,	 3,	 DHYDRO,	 and	 CorJet	
single port, multiport diffuser, and surface outfall 
configurations.	The	 plume	 is	 shown	with	 respect	 to	
the coordinate system, origin, water surface, and 
ambient boundaries. Mixing zone physical processes 
such	 as	 buoyant	 upstream	 intrusions,	 near-field	
instability, and dynamic bottom attachments are 



Figure 3.8 After flow classification, the user can access the Flow Class (FC) decision tree within 
the CORMIX GUI. The green highlighted path shows the classification for the current 
simulation.
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illustrated. Locations of the toxic dilution zone (TDZ) 
and regulatory mixing zone are shown. Graphics can 
be	exported	as	a	postscript	file	or	saved	with	a	“Print	
Screen” keyboard command as a bitmap graphic. An 
annotated	example	of	CorVue	graphics	 is	shown	 in	
Figure 3.4. 



3.7.10  CorSens Sensitivity Analysis
CORMIX generally has no user-adjustable internal 
model	 coefficients.	 Therefore,	 a	 sensitivity	 analysis	
of plume behavior due to variation in ambient and 
discharge conditions is recommended. CorSens is 
a simulation case generator for conducting model 
sensitivity studies due to changes in discharge  
and/or	ambient	conditions.	CorSens	creates	a	 table	
of input values that can be automatically generated 
with an increment value or entered manually within 
the CorSens GUI. The output includes all standard 
CORMIX output option available (e.g. prediction 
files,	session	reports,	etc.).



Discharge parameters that can be varied are 
flowrate,	 velocity,	 port	 area,	 and	 density.	 Variable	
geometry ports, i.e. “duckbill” valves, may also be 
simulated	 if	 the	 port	 area	 versus	 flowrate	 data	 is	
available. 



Ambient parameters that can be evaluated include 
velocity,	 density,	 and	 average	 depth.	 Variation	 in	
stratified	linear	ambient	density	profiles	(Figure 4.8A) 
can	be	specified.



If only a single input parameter varies in the analysis, 
CorSens graphs will also plot graphs of dilution at 
the	 RMZ	 (or	 Near-field)	 versus	 trajectory	 distance	
for the cases simulated with CorSens. Graphics can 
be	exported	as	a	postscript	file	or	saved	with	a	“Print	
Screen” keyboard command as a bitmap graphic.



3.7.11  CorJet Detailed Near-field 
Model



The	 detailed	 near-field	 jet	 integral	 model	 CorJet	
can be exercised either within the CORMIX system, 
with guided input data assembly, or separately from 
the CorJet GUI. In both cases, only limited data are 
needed. Chapter 6 provides a detailed discussion of 



the	data	 requirements.	The	CorVue	 for	CorJet	 	 tool	
will visualize CorJet results for up to two discharge 
sources simultaneously.



Chapter 6 provides a detailed discussion of CorJet 
data requirements and capabilities.



3.7.12  Far-field Locator (FFL)
The	 far-field	 plume	 locator	 model	 FFL	 can	 be	
exercised after the completion of a CORMIX 
simulation.	 Far-field	 cross-section	 data	 entered	 into	
the FFL GUI can be used immediately or saved 
and edited for later use. FFL is then executed on 
an	existing	prediction	file	and	processed	for	far-field	
reconciliation. 



Chapter 6 provides a detailed discussion of FFL data 
requirements.



3.7.13  CorVal Case Validation
The	 CorVal	 service	 is	 a	 web-based	 interactive	
validation service for the CORMIX mixing zone 
model. This service validates a client’s CORMIX 
model prediction with available case study data 
contained	 in	 the	CorVal	 database	 of	 plume	 dilution	
experiments.	 CorVal	 can	 be	 exercised	 after	 the	
completion of a CORMIX simulation.



The	 dilution	 database	 in	 CorVal	 is	 derived	 from	
published	laboratory	and	field	studies	of	buoyant	 jet	
mixing and plume dilution. This system is currently 
restricted to submerged single port discharges into 
uniform ambient environments. 



CorVal	 will	 present	 a	 validation	 analysis	 of	 the	
client’s CORMIX predictions in comparison to cases 
within the database that have similar physical mixing 
characteristics. Correlation statistics are presented to 
demonstrate how well the client’s CORMIX prediction 
compares	to	the	available	data.	CorVal	also	provides	
simple regression statistics and graphs of predicted 
versus measured values. 



Chapter 6	provides	a	additional	discussion	of	CorVal	
requirements and capabilities.
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3.7.14  Benchmarks
This interactive web site contains a collection of data 
from turbulent buoyant jet mixing experiments which 
constitute a database for “benchmarking” model 
performance comparing simulation model predictions 
with observations. Statistical and graphical tools 
are presented for interactively comparing data with 
CORMIX1 and 2 simulation model predictions of 
plume trajectory, dilution, and dimensions with 
available data.



Chapter 6 provides a additional discussion 
of Benchmark web site capabilities or visit  
http://www.mixzon.com/benchmark/.



3.8  Equipment Requirements, 
System Installation, and 
Run Times



The	minimum	recommended	hardware	configuration	
required	for	CORMIX	is	a	Windows		computer	with:



•	 Windows	NT/2000/XP,	Vista	is	recommended



•	 Approximately	 100Mb	 of	 hard	 disk	 space,	 
128 MB RAM



•	 Graphics	Card	(CorSpy	and	CorVue)



•	 Active	Internet	connection	to	
http://www.mixzon.com  



The	 Evaluation	 Version	 setup	 file	 is	 the	 common		
installation setup for all CORMIX versions and can 
be downloaded from http://www.mixzon.com after 
web site registration. CORMIX must be installed 
and executed on a local hard disk drive. Network 
installations and remote desktop access are 
not recommended or supported and may lead 
to unreliable results! The directory structure of 
CORMIX	 (Table	 3.1)	 is	 fixed;	 and	 is	 set	 up	 during	
the install process. The directory structure consists 
of a subsystem root directory installed by default in 



Table 3.1 CORMIX Directory Structure (<ver> - current version of CORMIX , like 5.0/6.0)



Subdirectory Function



CORMIX <ver>\ System	root	directory;	contains	system	files.



CORMIX <ver>\My Files Directory	for	user-created	data	input	files	(*.cmx).



CORMIX <ver>\System
Contains	all	knowledge	base	programs	(*.kbs)	and	FORTRAN	simulation	files	
(Hydro1/2/3.exe	and	DHydro.exe).



CORMIX <ver>\POST Contains	post-processor	programs	FFL,	CorJet,	CorSpy,	and	CorVue.



CORMIX <ver>\Text Contains	text	files	used	in	system	help	menus.



CORMIX <ver>\Sample Contains	sample	files	and	case	studies.



CORMIX <ver>\Docs Contains system documentation.





http://www.mixzon.com/benchmark/


http://www.mixzon.com


http://www.mixzon.com
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the “Program Files” directory, called “CORMIX 5.0”, 
and six sub-directories. Installation instructions are 
available	 within	 the	 CORMIX	 installation	 file	 at	 its	
execution. The evaluation (E) version is the basis for 
all CORMIX installations.  The G, GT, GTS and GTD 
versions are activated with information available from 
a	license	file	sent	via	e-mail	after	the	E	version	has	



been installed.



Depending	 on	 computer	 configuration,	 a	 typical	
CORMIX	 simulation	 for	 one	 discharge/ambient	
condition may take less than one second to execute 
on	a	Pentium-IV	based	computer.	 In	 some	unusual	
cases	 (e.g.	 such	 as	 an	 attached	 flow	 class	H1A5),	
the numerical simulation routines may take up to 30 
minutes	to	converge	on	Pentium-IV	based	systems.
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4.1 General Aspects of 
Interactive Data Input



All CORMIX data input occurs interactively in a 
forms-based Windows graphical user interface (GUI). 
The user is automatically and sequentially prompted 
by a highlighted yellow data input box to input data 
using a mouse or keyboard. Figure 4.1 shows the 
main CORMIX GUI with an active “Project” data tab.



Input data groups are arranged in six topical “tabs” 
which	are:	Project descriptions, Effluent properties, 
Ambient conditions, Discharge conditions, Mixing 
Zone	 definitions,	 and	 Output control as shown in 
Figure 4.1. The Processing tab controls program 
execution only; it has no required input data. Each 



Figure 4.1 CORMIX Graphical User Interface (GUI) showing the  active Project Tab              
(top half of window shown only).



Chapter 4
CORMIX Data Input



of these six topical areas form input data sequences 
and are called “tabs” herein. 



Several methods of user help are available internally 
through system prompts and externally via a web 
browser. Multiple layers of advice are available 
to provide help on how to prepare and enter data 
values	when	clarification	is	needed.	



The “CorHelp” button loads the program’s online 
User Interface Guide in a web browser. The user 
interface guide contains a complete description of 
GUI menus, functions, and icons as well as hints for 
use. A technical description of program assumptions 
and data requirements is also available in the 
documentation reports (1,11,36). The “User Manual” 
button loads this PDF user manual document.
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Data can be entered in an open format (e.g. "0.01 
is the same as .01"). The system checks data 
entries for consistency with question type (e.g. 
an alphabetic character for water depth), obvious 
physical errors (e.g. a negative length), possible 
inconsistencies with previous entries (e.g. an angular 
value implying that a port points directly back to the 
shoreline) and situations outside the normal range 
of model applicability. Inconsistency in data input 
values entered and obvious physical errors require 
immediate re-entry while possible inconsistencies 
with previous entries lead to warning messages 
issued in the Processing Record. Entries specifying 
situations outside the ranges of model applicability 
usually require data re-entry. The prompt is then set 
within the data entry tab and box needing correction.



Warning: No attempt should be made to 
alter input data by manipulating any of the 
internal	 system	 data	 files	 that	 are	 used	 by	 the	
hydrodynamic programs and execute these 
programs separately without using the GUI 
and logic segments contained within CORMIX.  
Because of the inherent error and compatibility 
checking of input data within these program 
elements, unreliable prediction may result if they 
are bypassed! In addition, running CORMIX in a 
network environment or via a “remote desktop” 
connection may cause unreliable results. 



As discussed in Chapter 3, data input occurs by 
completing the input data tabs. Data input tabs 
and values may be completed in any order. It is 
recommended however that the tabs be completed 
in order from left to right in sequence. If a data value 
entered is not accepted (i.e. an error has been 
made) the user has another opportunity for entering 
corrected values.  



It should be noted that only data entered will be 
used in a simulation. The program defaults to 
automatically erase data entered within a tab if the 
user	 changes	 how	 data	 values	 are	 specified.	 For	
example, if within the ambient data tab the user 
selects “bounded section” and enters a width value,  
then later changes the tab selection to “unbounded 



section” the previously entered width data will be 
erased.	 This	 behavior	 reflects	 the	 “positive	 data	
entry” convention used in CORMIX and is intended 
to prevent running a simulation with data entered by 
mistake or error in GUI interaction.



Due to the similarity of data entry, a common 
description is given for all input data sequences 
except discharge data, for which there is a 
separate subsection for each CORMIX discharge 
configuration.	Further	guidance	on	data	specification	
can be obtained from examining the case studies 
in the Appendices and  the documentation manuals 
(1,11,36). Following the discussion of input data 
sequences, units of measure conversion factors and 
checklists for input preparation are presented.



The “Advanced User Mode” available within the 
Pre-processing drop down menu is intended to 
streamline data input and program control for 
experienced users. This mode will limit warning 
messages issued to the user and make Tool Bar icon 
buttons default to function on the data contained in 
the current GUI state.



All the data input requirements of CORMIX are 
included in the Checklist for Data Preparation 
(see following page) that can be photocopied by the 
reader for future multiple use. The checklist aids in 
the assembly and preparation of this data prior to 
beginning an analysis to verify that all necessary 
data are available.



4.2  Project Data Tab



The	 first	 data	 tab	 “Project”	 determines	 basic	
information needed for the program to operate, store 
files,	and	label	simulations	for	later	use.	The	first	step	
in a new simulation is to use the “Save” command to 
create	a	new	project	 input	data	file	name.	An	active	
Project tab appears in Figure 4.1. In the evaluation 
(E) version, the “Save” command is not operable, 
thus	loading	a	case	from	the	sample	file	directory	is	
suggested.  



The user then supplies a Project File Name (fn), up 
to 256 characters long, and without extension (e.g. 
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CORMIX  Checklist for Data Preparation – Version v5.0
PROJECT LEGEND 



Project File Name: ___________________________   Design Case: ______________________________________________	
Site Name:		 	 Prepared By: Date:  



EFFLUENT DATA 
 Non-Fresh Water Effluent Density  Fresh Water Effluent Density



Density 0: ......................................kg/m3   Temperature T0: .................°C  Density 0: ................................ kg/m3 



Discharge  Excess Concentration:..................   Effluent Flowrate Q0: ............m3/s   Effluent Velocity U0: .................m/s



Pollutant Types 
 Conservative  Non Conservative: ............................ ./day  Heated – Heat Loss Coefficient: ...................................W/m2/°C 
 Brine  Sediment: Chunks: .......... %  Sand: ........... %  Coarse Silt: .......... % Fine Silt: ........%  Clay: ........... %



 Total Sediment Concentration:............  kg/m3 
AMBIENT GEOMETRY / FLOW FIELD DATA 



Average Depth Ha: .................................. m 
Depth at Discharge Hd: ........................... m 



 Unbounded
 



 Bounded: Width BS: ....................m 
Appearance:     Uniform      Slight Meander      Highly Irregular 



 Steady
 Ambient Flowrate Qa............................ m3/s 
 Ambient Velocity Ua ............................. m/s 



  Unsteady 
Period .............hr  Max Velocity Um .......... m/s Tidal Velocity at this Time  Ua: ............ m/s 



 At Time: ....hr Before Slack  At Slack –  Time: ..... hr  At Time: ....hr After Slack  



  Single Slope 
Slope S: .................................................... % 
Near Shore Velocity:................................. m/s 
Near Shore Darcy-Weisbach f: ....................  



  Near & Far Slope 
 Near Shore Slope S1 ............................%  Far Slope  S2: .................................. % 
 Near Shore Velocity Ua1........................m/s  Far Shore Velocity  Ua2: ................... m/s 
 Near Shore Darcy-Weisbach f1: ...............   Far Shore Darcy-Weisbach f2: ............  
 Breakpoint: ........................................... m 



 Manning’s n: ........................................   Wind Speed: ................................m/s 
AMBIENT  DENSITY DATA 



 Water Body:  Fresh Water  Non-Fresh Water 
 Uniform Fresh:  Temperature: ...........°C  Density  a: ....................  kg/ m3 Non-Fresh:  Density  a: .......................  kg/ m3 



 Type A  Type B:  Pycnocline Height: ............m  Type C:  Pycnocline Height: ..........m Jump: ........kg/ m3 / °C  Stratified Density :  At Surface as ..................  kg/m3/ °C At Bottom  ab: ..................................   kg/ m3 / °C 
 Brine & Sediment Only   Level 1 Density  1: ..   kg/ m3   Sub 1:............m;   Level 2 Density  2:.......kg/ m3   Sub 2: ........... m



DISCHARGE GEOMETRY DATA 
CORMIX 1 – Single Port CORMIX 2 – Multiport CORMIX 3 – Surface Discharge 



Nearest Bank:     Left  Right 
Dist. to Nearest Bank: ............................ m 
Vert. Angle 0:......°; Horiz. Angle 0: ..... ° 



 Port Diameter D0: ..............m   
 Port Area A0: ....................m2 



Submerged 
Port Height above Bottom h0: ................ m 



Above Surface 
Port Height above Surface...................... m 



 Jet-like   Spray  Area 
Deflector Plate: .  With    or  Without 



Nearest Bank:     Left  Right 
 Unidirectional     Staged    Altern./ Vert. 



No of openings: ......... ;  Diffuser Length:.......... m 
Dist. to 1nd end-point YB1: ..................m  
Dist. to 2st far end-point YB2: ..............m 
Port Height h0: ..........m;  Port Diameter D0: .... m 
Contraction Ratio:...........  



Angles (degrees) 
Vert. Angle :........ °; Horiz. Angle : ................ ° 
Align. Angle : ...... °; Relat.Orient. Angle :...... °
Nozzle Direction:   Same   or   Fanned Out 



Discharge Located:  Left  Right 
Horiz. Angle : ..........................°  
Local Depth at Discharge Outlet: ................. m 



 Flush  Co-flowing  
 Protruding:  Distance from Bank: .......... m 



Discharge Outlet 
 Channel: Width: ........m;  Depth b0: ..... m 
 Pipe: Diameter D0: ................................ m  



Bottom Invert Depth:..................................... m 
Local Bottom Slope at Chanel Entry:............ ° 



MIXING ZONE DATA 
  Non-Toxic Effluent



 WQ Standard: ..........................  No WQ Standard
  Toxic Effluent 
CMC : ............................  CCC : ...................................



  Mixing Zone Specified   No Mixing Zone Specified
 Trajectory: ............m  Downstream Distance: ............m  Width: .....................% / m   Area: .............................. % 



Region of Interest: ....................m Grid Intervals for Display:  ...................................................  
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Multiport Low Flow Q0= 2.4 cms). CORMIX will use 
that	 user-specified	 file	 name	 to	 create,	 transfer,	 or	
store	 intermediate	 or	 final	 data	 files	with	 that	 same	
file	 name,	 but	 with	 different	 extensions.	 The	 most	
important of these are the input data file (fn.cmx) and 
the prediction output and session report	files,	 fn.prd	
and fn.ses, respectively. These are discussed further 
in Chapter 5.



For the Project tab it is also recommended to specify 
design case and site name labels that facilitate 
the	 rapid	 identification	 of	 printed	 output	 and	 aid	
in good record-keeping.  The system provides for 
one label called “Site Name” (e.g. “Blue River”), 
another	 called	 “Design	 Case	 “(e.g.	 “7Q10-low-flow”	
or “high-velocity-port”). The user may also enter   
name or initials in the “Prepared by” data entry box.  



Figure 4.2  Effluent data tab. Effluents may be specified as conservative, non-conservative 
(1st order growth/decay), heated, brine, or sediment. Specification of brine or 
sediment effluents will restrict ambient data to unbounded coastal environments.



The “Project Notes” box accepts multiple lines of 
character input to further assist in record keeping.



4.3  Effluent Data Tab



The	 “Effluent”	 tab	 is	 used	 to	 specify	 effluent	
properties	 in	 CORMIX.	 An	 active	 Effluent	 tab	
appears	 in	 Figure	 4.2.	The	 type	 of	 effluent	 entered	
in this tab is used in subsequent input tabs to modify 
the data value sought by the system to complete 
a	 simulation.	 For	 example,	 if	 a	 brine	 effluent	 type	
is	 specified,	 the	 ambient	 data	 tab	 will	 allow	 only	
specification	 of	 unbounded	 sections	 because	 of	
hydrodynamic modeling assumptions.
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4.3.1  Pollutant Type Data
The	 “Pollutant”	 type	 data	 in	 CORMIX	 allows	 five	
types of pollutant discharges. The pollutant types 
are:



1. Conservative Pollutant — The pollutant does 
not	 undergo	 any	 decay/growth	 processes.	
Typically,	 most	 discharges	 will	 be	 specified	 as	
conservative.



2. Non-conservative Pollutant — The pollutant 
undergoes	a	first	order	decay	or	growth	process.	
One needs to specify the coefficient of decay 
(positive number) or growth (negative number) 
in units of day-1 (per day).



3. Heated Discharge — The discharge will 
experience heat loss to the atmosphere in cases 
where the plume contacts the water surface.  
This is important primarily for thermal discharge 
sources	 in	predicting	 far-field	plume	behavior.	 It	
is necessary to specify the discharge condition 
in terms of excess temperature (DT or “delta 
T”) above ambient in units oC (degC), and the 
surface heat exchange coefficient	 in	units	W/
m2,oC.	Values	 of	 the	 heat	 exchange	 coefficient	
depend on ambient water temperature and wind 
speed. Table 4.1 provides a guideline for the 
selection	of	heat	loss	coefficients	(23). 



4. Brine Discharge — This type of discharge 
typically results from desalination concentrate 
disposal or other industrial discharge sources. 
Within CORMIX, brine discharges are always 
assumed to have discharge densities greater 
than the ambient environments into which they  
discharge (i.e. brine discharges are strongly 
negatively buoyant (dense)).  



For most dense single port and multiport diffuser 
discharges, it is recommended that mixing 
behavior	 be	 first	 assessed	 as	 a	 conservative	
effluent	 type	 specified	 by	 a	 discharge	 density		
greater than ambient density. In subsequent 
analysis,	the	Brine	effluent	type	may	be	specified	
for additional details of mixing behavior after 
boundary	interaction	in	the	far-field.	Furthermore,	
in brine cases additional information about 
ambient conditions will be needed and certain 
restrictions will be imposed as discussed below. 
However, dense (negatively buoyant) surface 
(shoreline) discharges sources must always be 
specified	as	a	brine	or	sediment	effluent	type.



If the brine tab is selected, the user can also 
enter a brine tracer concentration (C0) which can 
be conservative, non-conservative, or heated, 
similar to that described above.



Table 4.1 Heat Loss Coefficients (W/m2,oC). Ref: “Heat Disposal in the Water Environment”, E.E. Adams, 
D.R.F.  Harleman, G.H. Jirka, and K.D. Stolzenbach, Course Notes, R.M. Parsons Laboratory, 
Mass. Inst. of Tech., 1981.



Ambient Water Wind Speed (m/s)



Temp (°C) 0 1 2 3 4 5



5 5 10 14 24 33 42



10 5 11 16 27 38 49



15 5 12 18 31 44 59



20 5 14 21 38 52 68



25 6 16 25 45 63 82



30 6 19 30 54 76 100
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5. Sediment Discharge — Discharges with 
suspended sediment are typically the result 
of dredging operations. Within CORMIX, all 
Sediment	 discharge	 effluents	 are	 assumed	 to	
have densities greater than ambient.



Five sediment class sizes are supported (large 
chunky	 solids,	 sand,	 coarse	 silt,	 fine	 silt,	 and	
clay), and sedimentation is modeled using 
Stokes settling.  Table 4.2 shows sediment size 
classes. 



In addition, a conservative or non-conservative 
tracer pollutant may be issued in the discharge, 
similar to that described above. 



Table 4.2 CORMIX Sediment Size Classes 



Sediment 
Size Class



Particle Size 
(mm)



Settling 
Velocity(m/s)



Chunks/
Solids



Large non-
suspended solids 
and stones (> 2.0)



Instantaneous



Sand 0.062 - 2.0 3.130 x10-2



Coarse Silt 0.016 - 0.062 4.185 x10-4



Fine Silt 0.004 - 0.016 2.600 x10-5



Clay < 0.004 6.500 x10-7



For	all	effluents,	the	source	mass	and	buoyancy	flux	
of the pollutant is needed. Therefore, the following 
input	data	is	required:



1. Effluent discharge flow rate (Q0) or discharge 
velocity (U0), 



2. Discharge density or discharge temperature 
for essentially freshwater discharges, and 



3. Discharge concentration of the material of 
interest. 



The Q0 and U0 variables are related through 
the port cross sectional area and the program 
computes and displays the alternate value allowing 
for	 user	 inspection	 and	 verification.	 For	 freshwater	



effluents,	 discharge	 density	 can	 be	 directly	 related	
to temperature via an equation of state since the 
addition of any pollutant or tracer has negligible 
effect on density. 



In all cases, the discharge tracer concentration 
(C0) of the material of interest (pollutant, tracer, or 
temperature)	is	defined	as	the	excess concentration 
above any ambient background concentration of that 
same material. The user can specify this quantity 
in any units of concentration (e.g.	mg/l,	 ppm,	%,	
oC). CORMIX predictions should be interpreted 
as computed excess concentrations in these same 
units.



If no pollutant data is available, it is convenient to 
specify C0 = 100%.



4.4  Ambient Data Tab



An active “Ambient” data tab is shown in Figure 4.3. 
Ambient	 conditions	 are	 defined	 by	 geometric	 and	
hydrographic conditions in the discharge vicinity. 
Due	to	the	significant	effect	of	boundary	interactions	
on mixing processes, the ambient data requirements 
for the laterally bounded and unbounded analysis 
situations are presented separately below. 



CORMIX analyses, as all mixing zone evaluations, 
are usually carried out under the assumption of 
steady-state ambient conditions. Even though the 
actual water environment is never in a true steady-
state, this assumption is usually adequate since 
mixing processes are quite rapid relative to the time 
scale of hydrographic variations. In highly unsteady 
tidal reversing	 flows,	 the	 assumption	 is	 no	 longer	
valid	and	significant	concentration	buildup	can	occur.	
CORMIX assesses this situation and computes 
some re-entrainment effects on plume behavior. The 
data requirements for that purpose are discussed in 
Section 4.4.3.  Following are discussions on ambient 
density	specification	and	on	wind	effects.



CORMIX requires that the actual cross-section of the 
ambient water body be described by a rectangular 
channel that may be  laterally bounded or unbounded 
(15). Furthermore, that channel is assumed to be 
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uniform in the downstream direction, following the 
mean	flow	of	the	actual	water	body	that	may	be	non-
uniform or meandering. The process of describing a 
receiving water body’s geometry with a rectangular 
cross-section is herein called schematization. 
Examples of schematization are shown in Figure 4.4.



Additional aids exist for the CORMIX user to interpret 
plume	behavior	in	the	far-field	of	actual	non-uniform	
(winding	or	meandering)	flows	 in	 rivers	or	estuaries	
(see Section 6.2 for the post-processor option FFL).



The	first	step	towards	specifying	ambient	conditions	
is to determine whether a receiving water body 
should be considered “bounded” or “unbounded.”  
To do this, as well as answer other questions on the 
ambient geometry, it is usually necessary to have 
access to cross-sectional diagrams of the water 



body. These diagrams should show the area normal 
to	 the	 ambient	 flow	 direction	 at	 the	 discharge	 site	
and at locations further downstream. If the water 
body is constrained on both sides by banks such 
as in rivers, streams, narrow estuaries, and other 
narrow watercourses, then it should be considered 
“bounded.” However, in some cases the discharge is 
located close to one bank or shore while the other 
bank for practical purposes very far away. When 
interaction	 of	 the	 effluent	 plume	 with	 the	 far	 bank	
or shore is impossible or unlikely, then the situation 
should be considered “unbounded.” This includes 
discharges into wide lakes, wide estuaries, and 
coastal areas. 



If	 the	 effluent	 type	 is	 brine	 or	 sediment,	 then	
an unbounded cross-section is assumed in all 



Figure 4.3  Ambient data tab. Options are available to specify bounded/unbounded sections, 
ambient density profile, and discharge velocity field.
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simulations.



4.4.1  Bounded Cross-Section
Both geometric (bathymetric) and hydrographic 
(ambient discharge) data should be used for 
defining	 the	 appropriate	 rectangular	 cross-section.	
This schematization may be quite evident for well 
channeled	 and	 regular	 rivers	 or	 artificial	 channels.	
For highly irregular cross-sections, it may require 
more judgment and perhaps several iterations of the 
analysis to get a better grasp on the sensitivity of the 
results to the assumed cross-sectional shape. 



In any case, the user is advised to consider the 



Water level or
tidal stage



"Nearest bank
on the right"



BS



HD HA



DISTB



DISTB



HD HA



Schematized unbounded
Cross - Section



Schematized bounded
Cross - Section



Actual bathymetry
(distorted scale)



Actual Cross-Section
(distorted scale)



Design water level



"Nearest bank on the left"



a) Example: Bounded Cross - Section Looking Downstream 
    (River or Estuary)



b) Example: Unbounded Cross - Section Looking Downstream 
    (Small Buoyant Jet Discharge Into Large Lake or Reservoir)



Figure 4.4 Examples of the schematization process for preparing CORMIX input data on 
ambient cross-sectional conditions



following:



1.	 Be	 aware	 that	 a	 particular	 flow	 condition	 such	
as a river discharge is usually associated with a 
certain water surface elevation or “stage.” Data 
for a stage discharge relationship is normally 
available from a USGS	 office;	 otherwise	 it	 can	
be obtained from a separate hydraulic analysis 
or	from	field	measurements.	



In	the	simplest	case	of	a	river	flow,	if	river	depth	
is	known	for	a	certain	flow	condition	(HA1 in the 
following equation) corresponding perhaps to 
the	situation	at	the	time	of	a	field	study,	then	the	
depth	for	a	given	design	(e.g.	low	flow	HA2) can 
be	predicted	from	Manning’s	equation	which	is:
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schematizations can be explored by the user to 
work around the restriction. The choice for these 
alternatives	may	be	influenced	somewhat	by	the	
expected plume pattern. As an example, Figure 
4.4b illustrates a small buoyant discharge that 
is located on the side slope of a deep reservoir 
and is rising upward. In this situation, the correct 
representation of the deeper mean reservoir 
depth is irrelevant for plume predictions. 
Although the illustration is for an unbounded 
example, the comments on choice of HA apply 
here too. 



 When schematizing HA and HD in highly non-
uniform conditions, HD is the variable that 
usually	 influences	 near-field	 mixing,	 while	 HA	
is	 important	 for	 far-field	 transport	 and	 never	
influences	the	near-field.



5. The ambient discharge (QA) or mean ambient 
velocity (UA) may be used to specify the ambient 
flow	condition.	Depending	on	which	is	specified,	
the program will calculate one and display the 
other. The displayed value should be checked to 
see whether it is consistent with schematizations 
and continuity principles discussed above.



The simulation of stagnant conditions should 
usually be avoided. If zero or a very small value 
for ambient velocity or discharge is entered, 
CORMIX will label the ambient environment as 
stagnant. In this case, CORMIX will predict only 
the	 near-field	 of	 the	 discharge,	 since	 steady-
state	far-field	processes	require	a	mean	transport	
velocity. Although stagnant conditions often, but not 
necessarily always, represent the extreme limiting 
case for a dilution prediction, a real water body 
never is truly stagnant. Therefore, a more realistic 
assumption for natural water bodies would be to 
consider	a	small,	but	finite	ambient	crossflow.



6. As a measure of the roughness characteristics 
in the channel, the value of Manning’s n, or 
alternatively the Darcy-Weisbach friction factor f, 
must	be	specified.	Friction	values	are	useful	 for	
applications in laboratory studies. If Manning’s 
n	 is	 given,	 as	 is	 preferable	 for	 field	 cases,	
CORMIX internally converts it to an f friction 
value using the following equation in which  
g	=	9.81	m/s2.



 



in	which	QA	is	the	ambient	river	flow	and	HA	the	
mean ambient depth. This approach assumes 
that ambient width and frictional characteristics 
of the channel (i.e. Manning’s n) remain 
approximately the same during such a stage 
change.



2.	 For	 the	given	stage/river	discharge	combination	
to be analyzed, assemble plots showing the 
cross-sections at the discharge and several 
downstream locations. Examine these to 
determine an “equivalent rectangular cross 
sectional	 area.”	 Very	 shallow	 bank	 areas	
or	 shallow	 floodways	 may	 be	 neglected	 as	
unimportant	 for	 effluent	 transport.	 Also,	 more	
weight should be given to the cross-sections at 
and close to the discharge location since these 
will	 likely	 have	 the	 greatest	 effect	 on	 near-field	
processes. Figure 4.4a provides an example of 
the schematization process for a river or estuary 
cross-section.



3. The input data values for surface width (BS) 
and average depth (HA) should be determined 
from the equivalent rectangular cross-sectional 
area. When ambient discharge and velocity 
data are available, the reasonableness of the 
schematization should be checked with the 
continuity	 relation.	 Continuity	 specifies	 that	
ambient discharge equals velocity times cross-
sectional area, where the area is given by the 
product of average width and depth.



The discussion of the cumulative discharge 
method and the Far Field Locator (FFL) in 
Section 6.5 will provide additional perspective on 
the choice of these variables.



4.	 CORMIX	also	requires	specification	of	the	actual	
water depth (HD) in the general discharge 
location to describe local bathymetric features. 
A check is built in to ensure the local depth HD 
does not to differ from the schematized average 
depth	HA	by	more	than	+/-	30%.	This	restriction	
is included to prevent CORMIX misuse in  
discharge/ambient	 combinations	 involving	
strongly non-uniform channels. Alternative 



HA2 = HA1[        ]QA1 
QA2 3



5
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The	 friction	 parameters	 influence	 the	 mixing	
process	 only	 in	 the	 final	 far-field	 diffusion	
stage and do not have a large impact on the 
predictions. Generally, if these values can be 
estimated	within	+/-	30%,	the	far-field	predictions	
will	 vary	 by	 +/-	 10%	 at	 most.	 The	 list	 shown	
in	 Table	 4.3	 is	 a	 brief	 guide	 for	 specification	
of Manning’s n values; additional details are 
available in hydraulics textbooks.



7. The channel appearance can have an effect 
on	 the	 far	 field	 mixing	 by	 increasing	 turbulent	
diffusivity for the passive mixing process but 
will	 not	 significantly	 affect	 near-field	 mixing.	
Three channel appearance types are allowed in 
CORMIX. Type 1 are fairly straight and uniform 
channels. Type 2 have moderate downstream 
meander with a non-uniform channel. Type 3 
are strongly winding and have highly irregular 
downstream cross-sections.



4.4.2  Unbounded Cross-section 
Hydrographic and geometric information are closely 
linked in unbounded cross-sections. The following 
comments	apply:



1. From lake or reservoir elevation or tidal stage 
data, determine the water depth(s) for the 
receiving water condition to be analyzed. 



2. For the given receiving water condition to be 
analyzed, assemble plots showing water depth 
as a function of distance from the shore for the 
discharge location and for several positions 
downstream along the ambient current direction.



3.	 If	 detailed	 hydrographic	 data	 from	 field	 surveys	
or from hydraulic numerical model calculations 
are available, determine the “cumulative ambient 
discharge” from the shore to the discharge 
location for the discharge cross-section. For 
each of the subsequent downstream cross-
sections, determine the distance from the shore 
at which the same cumulative ambient discharge 
has been attained. Mark this position on all 
cross-sectional	 profiles.	 Examine	 the	 vertically	
averaged velocity and depth at these positions to 
determine typical values for ambient depth (HA) 
and	 ambient	 velocity	 (UA)	 input	 specifications.	
The conditions at, and close to, the discharge 
location should be given the most weight. The 
distance from the shore (DISTB) for the outfall 
location	 is	 typically	 specified	 as	 the	 cumulative	
ambient discharge divided by the product UA 
times HA.



Table 4.3 Typical values for channel roughness 



Channel type Manning’s n



Smooth earth channel, no weeds 0.020



Earth channel, some stones and weeds 0.025



Clean and straight natural rivers 0.025 - 0.030



Winding channel, with pools and shoals 0.033 - 0.040



Very	weedy	streams,	winding,	overgrown 0.050 - 0.150



Clean straight alluvial channels 0.031 d1/6	



(d = 75% sediment grain size in feet)



f = 8g
HA1/3 



n2 
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When detailed hydrographic data are 
unavailable, data or estimates of the vertically 
averaged velocity at the discharge location can 
be used to specify HA, UA, and DISTB. First, 
determine the cumulative cross-sectional area 
from the shore to the discharge location for 
the discharge cross-section. For each of the 
subsequent downstream cross-sections, mark 
the position where the cumulative cross-sectional 
area has the same value as at the discharge 
cross section. Then proceed as discussed in the 
preceding paragraph. 



4.	 The	 specification	 of	 the	 actual	 water	 depth	 at	
the submerged discharge location (HD) in single 
ports and multiport diffusers is governed by 
considerations that are similar to those discussed 
earlier	 for	 bounded	 flow	 situations.	 Figure	 4.4b	
shows an illustration of the schematization 
for a small buoyant discharge located on the 
side slope of a deep reservoir. The plume is 
expected to rise upward and stay close to one 
shore, with bottom contact and vertical mixing 
not expected. In this situation, no emphasis on 
replicating the mean reservoir depth and the 



Side View



Bottom slope



Unbounded Cross-section for Brine/Sediment Effluents



4. Near-shore Darcy friction factor f1; offshore Darcy friction factor f2 



2. Uniform ambient near-shore current field ua1 = constant1; ua2 = constant2
3. Positve near-shore slope s1 with break to offshore slope s2 at distance Ybreak



1. Bounded laterally on one side only



ua1, f1, s1 > 0



ua2, f2, s2 >= 0



Slope break



Ybreak



5. Uniform channel in downstream direction



Offshore



Near-shore



Figure 4.5 Offshore ambient schematization for brine and sediment effluent types. Near-shore 
slope s1 must be > 0; offshore slope s2 can be > or = 0.



actual width is necessary. However, care must 
still be taken to specify an ambient mean velocity 
that is characteristic of the actual reservoir 
and not determined using the reduced depth 
assumption.



The	specification	of	HD	for	shoreline	or	surface	
discharges is dictated by the depth condition 
some distance offshore from the discharge exit. 
HD does not describe the conditions immediately 
in front of the shoreline discharge channel 
exit. When in doubt, set HD equal to HA in the 
surface discharge case.



5. Either Manning’s n or the Darcy-Weisbach 
friction factor f can	be	specified	 for	 the	ambient	
roughness characteristics as described 
previously for the bounded case (see Section 
4.4.1). If the unbounded case represents a large 
lake or coastal area, it is often preferable to use 
the friction factor f. Typical f values for such 
open water bodies range from 0.020 to 0.030, 
with larger values for rougher conditions. Table 
4.3 shows typical Manning n values for various 
bottom materials.
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6.	 For	 brine	 and	 sediment	 effluent	 types,	 the	
discharge is assumed to occur in an unbounded 
coastal environment for simulation purposes. For 
these	effluent	types,	an	offshore	bottom	slope	is	
assumed with the slope breaking perpendicular 
to the shoreline, as shown in Figure 4.5. Two 
slope	values	are	specified	 -	a	near-shore	slope	
s1 and a far-shore slope s2 - each with a 
corresponding velocity and roughness value. 
The	 change	 in	 bottom	 slope	 is	 specified	 by	
entering a value of YBREAK from the shoreline. 
Ambient	roughness	characteristics	are	specified	
as described previously for the bounded case 
(see Section 4.4). The depth at discharge value 
(HD) must be consistent with the values for slope 
and YBREAK or a warning message is issued.
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Figure 4.6 Example of tidal cycle, showing stage and velocity as a function of time after Mean 
High Water (MHW).



4.4.3  Tidal Reversing Ambient 
Conditions



When predictions are desired in an unsteady 
ambient	flow	field,	information	on	the	tidal	cycle	must	
be supplied. In general, estuaries or coastal waters 
can exhibit considerable complexity with variations in 
velocity magnitude, direction, and water depth. For 
example, Figure 4.6 shows the time history of tidal 
velocities and tidal height for a mean tidal cycle at 
a site in Long Island Sound. The tidal height varies 
between Mean Low Water (MLW) and Mean High 
Water (MHW).



The tidal velocity changes its direction twice during 
the tidal cycle at each slack tide. One of these times 
occurs near, but not necessarily coincident with the 
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MLW and is referred to as Low Water Slack (LWS). 
The slack period near MHW is referred to as High 
Water Slack (HWS). The rate of reversal (time 
gradient of the tidal velocity) near these slack tides 
is of considerable importance for the concentration 
build-up in the transient discharge plume, as tidal 
reversals will reduce the effective dilution of a 
discharge by re-entraining the discharge plume 
remaining from the previous tidal cycle (42). Hence, 
CORMIX needs some information on the ambient 
design conditions relative to any of the two slack 
tides.



The tidal period (PERIOD) must be supplied; in most 
cases it is 12.4 hours, but in some locations it varies. 
The maximum tidal velocity (UAmax) for the location 
must	be	specified;	 this	can	usually	be	 taken	as	 the	
average of the absolute values of the two actual 
maxima, independent of their direction. A CORMIX 
design case consists then of an instantaneous 
ambient condition, before, at or after one of the two 
slack tides. Hence, the analyst must specify the time 
(in	 hours)	 before,	 at,	 or	 after	 slack	 that	 defines	 the	
design condition, followed by the actual tidal ambient 
velocity (UA) at that time. The ambient depth 
conditions are then those corresponding to that time.



In general, tidal simulations should be repeated for 
several time intervals (usually hourly or bi-hourly 
intervals	 will	 suffice)	 before	 and	 after	 slack	 time	 to	
determine plume characteristics in unsteady ambient 
conditions. 



Strongly unsteady conditions also occur in other 
environments, such as wind-induced current 
reversals in shallow lakes or coastal areas. In this 
case, any typical reversal period can be analyzed 
following an approach similar to the above.



4.4.4  Ambient Density 
Specification



Information about the density distribution in the 
ambient water body is very important for the correct 
prediction	 of	 effluent	 discharge	 plume	 behavior.	
CORMIX	first	 inquires	whether	 the	ambient	water	 is	
fresh water or non-fresh (i.e. brackish or saline). If 
ambient water is fresh and above 4oC, the system 



provides the option of entering ambient temperature 
data so that the ambient density values can be 
internally computed from an equation of state. This is 
the recommended option for specifying the density of 
fresh water, even though ambient temperature per se 
is not needed for the analysis of mixing conditions. 
In the case of salt water conditions, Figure 4.7 is 
included as a practical guide for specifying the 
density if “salinity values” in parts-per-thousand (ppt) 
are available for the water body. Typical open ocean 
salinities range from 33 to 35 ppt.



The	user	then	specifies	whether	the	ambient	density	
(or temperature) can be considered as uniform or as 
non-uniform within the water body and in particular, 
within the expected plume regions. As a practical 
guide, vertical variation in density of less than 0.1 
kg/m3 or in temperature of less than 1oC can be 
neglected. For uniform conditions, the average 
ambient density or average temperature must be 
specified.	



When conditions are non-uniform, CORMIX requires 
that the actual measured vertical density distribution 
be approximated by one of three schematic 
stratification	profile	types	illustrated	in	Figure	4.8	for	
most	effluent	discharges.	These	are:	



•	 Type	 A		 -	 linear	density	profile



•	 Type	 B	 -	 two	 layer	 system	 with	 constant	
densities and density jump



•	 Type	 C	 -	 constant	 density	 surface	 layer	 with	
linear	 density	 profile	 in	 bottom	 layer	 separated	
by a density jump



•	 Type	 D	 -	 3-layer	 ambient	 density	 profile,	
available	 for	 coastal	 brine	 and/or	 sediment	
effluent	types	only



Corresponding	profile	types	exist	for	approximating	a	
temperature distribution when it is used for specifying 
ambient density distribution. 



Note: When	 in	 doubt	 about	 the	 specification	of	
the ambient density values it is reasonable to 
first	simplify	as	much	as	possible.	The	sensitivity	
of a given assumption can be explored in 
subsequent CORMIX simulations. Furthermore, 
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Figure 4.7 Diagram for density of seawater as a function of temperature and salinity



if	 CORMIX	 indicates	 a	 flow	 configuration	 (flow	
class)	with	near-field	 stability,	 additional	 studies	
with the post-processor option CorJet (see 
Section 6.1) can be performed to investigate any 
arbitrary stable density distribution.



After	selecting	 the	stratification	approximation	 to	be	
used, the user then enters all appropriate density 
(or temperature) values and pycnocline heights 
(HINT or hint)	 to	 fully	 specify	 the	 profiles.	 The	
pycnocline	 is	defined	as	 the	zone	or	 level	of	strong	
density change that separates  upper and lower 
layers of the water column. The program checks the 
density	 specification	 to	 ensure	 that	 stable	 ambient	
stratification	 exists	 (i.e.	 density	 at	 higher	 elevations	
must not exceed that at lower elevations).



Note: A dynamically correct approximation of 
the actual density distribution should keep a 
balance between over- and under-estimation of 
the	actual	data	similar	to	a	best	fit	in	regression	
analysis. If simulation results indicate  internal 
plume trapping,  then  it  is desirable to test 
- through repeated use of CORMIX- different 
approximations	 (i.e.	 with	 different	 stratification	
types	 and/or	 parameter	 values)	 in	 order	 to	
evaluate the sensitivity of the resulting model 
predictions. 



4.4.5  Wind Speed 
When specifying the wind speed (UW) at design 
conditions, it should be kept in mind that wind is 
unimportant	 for	 near-field	 mixing,	 but	 may	 critically	
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affect	 plume	 behavior	 in	 the	 far	 field.	 This	 is	
especially important for heated discharges in the 
buoyant spreading regions. Wind speed data from 
adjacent	meteorological	stations	 is	usually	sufficient	
for that purpose. Wind is non-directional in CORMIX. 
Wind is used for surface heat transfer and ambient 
mixing only.



The following guidelines are useful when actual 
measured data are not available. The typical wind 
speed	categories	measured	at	the	10	m	level	are:



•	 Breeze	(0-3	m/s)



•	 Light	wind	(3-15	m/s)



•	 Strong	wind	(15-30	m/s)



If	field	data	are	not	available,	use	the	recommended	
value	 of	 2	 m/s	 to	 represent	 conservative	 design	
conditions.	An	extreme	low	value	of	0	m/s	is	usually	



unrealistic	 for	 field	 conditions,	 but	 useful	 when	
comparing	to	laboratory	data.	A	wind	speed	of	15	m/s	
is the maximum value allowed in CORMIX.



4.5 Discharge Tab



Discharge properties are entered into CORMIX in 
the “Discharge” tab. The Discharge tab is shown 
in Figure 4.9 and has three options for single port, 
multiport diffuser, and surface (shoreline) source 
specification.	



4.5.1  Discharge Data: Single Ports 
(CORMIX1)



Figure	 4.10a	 is	 a	 definition	 sketch	 giving	 the	
geometry	 and	 flow	 characteristics	 for	 a	 submerged	
single port discharge within the schematized cross-
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Figure 4.8 Different approximations for representing ambient density stratification.
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section.	Specification	conditions	for	single	port	above	
surface discharges appears in Figure 4.11.



4.5.1.1  Discharge Geometry



To allow the establishment of a reference coordinate 
system and orient the discharge to that reference, 
CORMIX1	 requires	 the	 specification	 of	 outfall	
geometry.	 These	 specifications	 are	 illustrated	 in		
Figures	4.10		and		4.11	and	include:	



1. Location of the nearest bank (i.e. left or right) 
as seen by an observer looking downstream in 
the	direction	of	the	flow.	



2. Distance to the nearest bank (DISTB).



3. Port diameter (or cross-sectional area for non-
circular shaped ports).



Note:	 The	 specification	 of	 the	 port	 dimension	
should account for any contraction effects that 
the	effluent	jet	may	experience	upon	leaving	the	
port/nozzle.



4. For submerged discharges, Height of the port 
(H0 or h0) center above the bottom.



5.  For above surface discharges, Height of the port 
(H0 or h0) center above the water surface as 
shown	in	Figure	4.11.		In	addition,	the	flow	should	
be characterized as jet-like, deflected jet, or 
spray-like.	For	sediment	discharges,	a	deflector	
plate is often used to distribute sediment around 
the	discharge	point	as	a	deflected	jet.	For	spray-
like discharges, the area covered by the spray at 
the water surface is needed.



Figure 4.9  Discharge Data tab.  In this figure, the single port (CORMIX1) data tab is active. 
The “Effluent” tab controls options available for discharge specification in the 
Discharge data tab. 
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Figure 4.11 Above surface discharge geometry for single port discharges.



Ua BS 



DISTB 



y 



x 



Plan View 



 



a 
HA ho 



z 



y  



D, Uo, o, Co 



a) Definition Diagram Submerged Single Port Discharges  
     (Special case: HA = HD) 



b) Limits of Applicability CORMIX1 



H 



z = hint
Density profile 
example 



hint = 0.9 H 



Range of hint
= 0.4H to 0.9H



hint = 0.4 H 
ho <=  0.33 H 



Range of ho
= 0 to H/3



z 



z = 0



ho 



D 
 o 



for o > 45° ,D < H



for o < 45° ,D < H/3
Range 
of D 



ho >=  0.67 H 



Range of ho 
= 2/3H to H



 



z = H
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6. Vertical angle of discharge (THETA) between 
the port centerline and a horizontal plane.



7. Horizontal angle of discharge (SIGMA) 
measured counterclockwise from the ambient 
current direction (x axis) to the plan projection of 
the port centerline. 



Angle THETA may range between -45o and 
90o. As examples, the vertical angle is 90o for 
a discharge pointing vertically upward, and it is 
0o for a horizontal discharge. Angle SIGMA may 
range between 0o and 360o. As examples, the 
horizontal angle is 0o (or 360o) when the port 
points	downstream	in	the	ambient	flow	direction,	
and it is 90o, when the port points to the left of 
the	ambient	flow	direction.



In order to prevent an inappropriate system 
application,	CORMIX1	checks	the	specified	geometry	
for compliance with the three criteria illustrated in  
Figure	4.10b.	These	are:	



1. The port height (H0) value must be less than 
one-third or greater than two-thirds of the local 
water depth (HD) value,



2. The port diameter value must not exceed HD’s 
value for near-vertical designs, and one-third of 
HD’s value for near-horizontal designs, and 



3. The pycnocline value must be within the 40% to 
90% range of HD’s value. 



In ordinary design practice, deeply submerged  (near-
bottom) implies a discharge close to the bottom, 
and not anywhere within the main water column or 
near the water surface. A slightly submerged (near-
surface) discharge implies the port is close to the 
water surface. The port diameter restriction excludes 
very large discharge diameters relative to the actual 
water	 depth	 since	 these	 are	 unrealistic	 and/or	
undesirable. The distance separating the upper and 
lower	layers	of	the	ambient	density	profile	type	B	or	
C is restricted in order to prevent an unrealistically 
thick plume relative to a thin upper or lower layer. 



For those few extreme situations that would normally 
be limited by the above restrictions, Section 7.4 of 
Doneker and Jirka (11) contains a number of hints 
on	 how	 to	 conduct	 these	 difficult	 analyses.	 Only	



advanced users should carefully attempt these 
techniques. 



4.5.2  Discharge Data: Multiport 
Diffusers (CORMIX2)



A	generalized	definition	sketch	showing	the	geometry	
and	flow	characteristics	for	a	typical	multiport	diffuser	
installation is provided in Figure 4.12a. Due to the 
great number of complexities which may rise in 
describing an existing or proposed diffuser design, 
a	 few	 definitions	 are	 introduced	 prior	 to	 discussing	
actual data requirements of CORMIX2.



A multiport diffuser is a linear structure consisting 
of many more or less closely spaced ports or nozzles 
which inject a series of turbulent jets at high velocity 
into the ambient receiving water body. These ports or 
nozzles may be connected to vertical risers attached 
to an underground pipe, tunnel, or may simply be 
openings in a pipe lying on the bottom.



The diffuser line (or axis) is a line connecting the 
first	 port/nozzle	 and	 the	 last	 port/nozzle.	Generally,	
the diffuser line will coincide with the connecting 
pipe or tunnel. CORMIX2 will assume a straight 
diffuser line. If the actual diffuser pipe has bends or 
directional changes it must be approximated by a 
straight diffuser line.



The diffuser length	 is	 the	 distance	 from	 the	 first	
to	 the	 last	 port/nozzle.	The	 origin	 of	 the	 coordinate	
system used by CORMIX2 is located at the center 
(mid point) of the diffuser line. The only exception is 
when the diffuser line starts at the shore; then the 
origin is located directly at the shore.



CORMIX2 can analyze discharges from the three 
major diffuser types used in common engineering 
practice. These are illustrated in Figure 4.13 and 
include:	



1.	 Τhe	 unidirectional diffuser	 where	 all	 ports/
nozzles point to one side of the diffuser line and 
are oriented more or less normally to the diffuser 
line and more or less horizontally (Figure 4.13a).



2.	 Τhe	 staged diffuser where all ports point in 
one direction generally following the diffuser line 











 55



CORMIX Data Input Chapter 4 



with small deviations to either side of the diffuser 
line and are oriented more or less horizontally  
(Figure 4.13b).



3.	 Τhe	 alternating diffuser where ports do not 
point in a nearly single horizontal direction  
(Figure 4.13c).  This diffuser type produces no 
net	horizontal	momentum	flux.	 In the this case, 
the ports may point more or less horizontally 
in an alternating fashion to both sides of the 
diffuser line or they may point upward, more or 
less vertically.



4.5.2.1  Diffuser Geometry



CORMIX2 assumes uniform discharge conditions 
along the diffuser line. This includes the local 
ambient receiving water depth (HD) and discharge 
parameters such as port size, port spacing, and 
discharge per port, etc. If the actual receiving water 
depth is variable (e.g. due to an offshore slope), it 
should be approximated by the mean depth along 
the diffuser line with a possible bias to more shallow 
near-shore conditions. Similarly, mean values should 
be used to specify variable diffuser geometry when it 
occurs. 
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Figure 4.12 CORMIX2 discharge geometry and restrictions
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Figure 4.13.b Staged diffuser designs. These diffusers produce net horizontal momentum flux 
parallel to diffuser line.  In CorSpy 3D view, γ = 90o (perpendicular) for all cases.
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for all cases.
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To allow the establishment of a reference coordinate 
system and orient the discharge to that reference, 
CORMIX2	requires	the	specification	of	 the	following	
entries.	These	specifications	are	illustrated	in	Figure	
4.12a	and	include:	



1. Location of the nearest bank (i.e. left or right) 
as seen by an observer looking downstream in 
the	direction	of	the	flow.



2. Average distance to the nearest bank 
(DISTB). 



3. Average diameter (D0) of the discharge ports or 
nozzles.



4. Contraction ratio for	the	port/nozzle	is	required.	
This can range from 1 for well rounded ports -
usual value - down to 0.6 for sharp-edged 
orifices.



5. Average height of the port centers (H0) above 
the bottom.



6. Average vertical angle of discharge (THETA) 
between the port centerlines and a horizontal 
plane (45o and 90o).



7. For the unidirectional and staged diffusers only, 
the average horizontal angle of discharge 
(SIGMA) measured counterclockwise from the 
ambient current direction (x-axis) to the plan 
projection of the port centerlines (0o to 360o).



8. Approximate straight-line diffuser length (LD) 
between	the	first	and	last	ports	or	risers.



9. Distance from the nearest shore to the first 
and last ports or risers (YB1, YB2) of the 
diffuser line. 



10. Number of ports or risers and the number of 
ports per riser if risers are present. 



11. Average alignment angle (GAMMA) measured 
counterclockwise from the ambient current 
direction (x-axis) to the diffuser axis (0o to 180o), 
and



12. For the unidirectional and staged diffusers only, 
relative orientation angle (BETA) measured  
clockwise or counterclockwise from the average 
plan projection of the port centerlines to the 
nearest diffuser axis (0o to 90o). 



Note: CORMIX2 always assumes a uniform 
spacing between risers or ports, and a round 
port cross-sectional shape. 



As	 examples	 of	 angle	 specifications,	 THETA	 is	 0	
degrees for a horizontal discharge and +90o for a 
vertically upward discharge. SIGMA is 0o (or 360o) 
when	the	ports	point	downstream	in	the	ambient	flow	
direction and 90o when the ports point to the left of 
the	ambient	 flow	direction.	GAMMA	 is	0o (or 180o) 
for a parallel diffuser and 90o for a perpendicular 
diffuser. BETA is 0o for a staged diffuser and 90o 
degrees for a unidirectional diffuser. 



CORMIX2 performs a number of consistency checks 
to ensure the user does not make arithmetical errors 
when preparing and entering the above data. It also 
checks	 the	 specified	 geometry	 for	 compliance	 with	
three criteria to prevent an inappropriate system 
application. Figure 4.12b shows imposed limits of 
system application for CORMIX2. The imposed limits 
are:	



1. Port height (H0) value must be less than one-
third or greater than two thirds of the local water 
depth (HD) value. 



2.	 Port	diameter	value	must	not	exceed	one-fifth	of	
HD’s value.



3. Pycnocline value must be within the 40% to 90%  
range of HD’s value. 



These restrictions are similar to those shown in 
Figure  4.12b for CORMIX1 with the exception of the 
diameter limit for each port. 



4.5.3  Discharge Data: Surface 
(Shoreline) Discharges 
CORMIX3



A	definition	sketch	 for	discharge	geometry	and	flow	
characteristics for a buoyant surface discharge is 
provided in Figure 4.14. In general, CORMIX3 allows 
for	different	 types	of	 inflow	structures,	 ranging	 from	
simple rectangular channels to horizontal round 
pipes that may be located at or near the water 
surface.	 In	 addition,	 three	 different	 configurations	
relative to the bank are allowed as illustrated in 
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Figure	4.15.		Discharge	structures	can	be:	



1. Flush with	the	bank/shore.



2. Protruding from the bank.



3. Co-flowing along the bank.



4.5.3.1  Discharge Geometry



To allow the establishment of a reference coordinate 
system and orient the discharge to that reference, 
CORMIX3	 requires	 the	 specification	of	 up	 to	 seven	
data	 entries.	 These	 specifications	 are	 illustrated	 in		
Figure	4.14	and	include:	



1. Location of the nearest bank (i.e. left or right) 
as seen by an observer looking downstream in 
the	direction	of	the	flow.



2. Discharge channel width (B0) of the 
rectangular channel. 



3. Discharge channel depth (H0).



4. Actual receiving water depth at the channel 
entry (HD0).



5. Bottom slope (SLOPE) in the receiving water 
body in the vicinity of the discharge channel.



6. Horizontal angle of discharge (SIGMA) 
measured counterclockwise from the ambient 
current direction (x axis) to the plan projection 
of the port centerline. In the case of a circular 
discharge pipe, the pipe diameter and depth 
of bottom invert below the water surface 
(water surface to bottom edge of pipe) must be 
specified,	 respectively.	 In	 all	 cases,	 CORMIX3	
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Figure 4.14 CORMIX3 discharge channel geometry.
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Figure 4.15 Possible CORMIX3 discharge configurations of discharge channel relative to bank/
shoreline.



assumes the discharge is being issued 
horizontally.



CORMIX3 uses the variable HD0 for the actual water 
depth immediately in front of the discharge channel 
exit	 and	 requires	 an	 additional	 specification	 for	 the	
receiving water bottom slope, again immediately in 
front of the exit, extending into the receiving water 
body. These details are important for identifying 
cases where plume attachment to the bottom can 
occur.



In the case of a circular pipe discharge, CORMIX3 
assumes	 the	 outlet	 is	 flowing	 full	 and	 is	 not	
submerged under the water surface by more than 
½ of the outlet diameter. If the discharge outlet 
has an odd cross-sectional shape (e.g. a pipe 
flowing	 partially	 full)	 then	 it	 should	 be	 represented	
schematically as a rectangular outlet of the same 
cross-sectional area and similar channel depth.



For open channel discharges, considerable care 
should be exercised when specifying discharge 
channel depth since this parameter is directly linked 
to the ambient receiving water depth (stage). This is 
especially important for tidal situations.



To prevent an inappropriate system application, 
CORMIX3 only allows for a discharge channel depth-
to-width aspect ratio of 0.05 to 5. This prohibits the 
use of extremely oblong discharge geometry.



In case of an ambient background concentration, 
it is important to treat all pollutant related data 
items in a consistent fashion. This includes the 
specification	of	any	regulatory	values	as	discussed	in	
Section 4.6.  All pollutant concentrations in CORMIX 
should be entered as a concentration excess (ΔC) 
above background.
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Example: Suppose the actual discharge 
concentration	 for	 a	 pollutant	 is	 100	 mg/l,	 and	
values of CMC and CCC for the pollutant are 20 
mg/l	and	10	mg/l,	respectively.	If	the	background	
ambient concentration for the same pollutant is 4 
mg/l,	 the	data	entry	 into	CORMIX	 for	discharge	
concentration	 is	C0	=	96	mg/l,	CMC	=	16	mg/l,	
and	CCC	=	6	mg/l,	respectively.	All	concentration	
values listed in the various CORMIX output (see 
Chapter 5) must then be interpreted accordingly, 
and the actual downstream plume concentration 
values are computed by adding the background 
concentration value. For instance if the 
CORMIX predicted value downstream for one 
point	 happens	 to	 be	 13.6	 mg/l,	 then	 the	 total	
concentration value at that point would be 17.6 
mg/l.	 Also,	 all	 program	 mixing	 zone	 messages	
would occur at correct regulatory concentrations 
because they are interpreted as excess plume 
concentrations above ambient. 



4.6 Mixing Zone Data Tab



In	the	“Mixing	Zone”	tab	the	user	must	indicate:	



1. Whether EPA’s toxic dilution zone (TDZ) 
definitions	apply.	



2. Whether an ambient water quality standard 
exists.



3. Whether a regulatory mixing zone (RMZ) 
definition	exists.	



4. The spatial region of interest (ROI) over which 
information is desired.



5. Number of locations (i.e. “grid intervals”) in the 
ROI to display output details. 



Depending on the responses to the above, several 
additional data entries may be necessary as 
described in the following paragraphs. 



When	TDZ	definitions	apply,	 the	user	must	 indicate	
the Criterion Maximum Concentration (CMC) and 
Criterion Continuous Concentration (CCC) which 
are intended to protect aquatic life from acute and 
chronic effects, respectively. CORMIX will check for 
compliance	with:	



1. The CMC standard at the edge of the TDZ.



2. The CMC standard at the edge of the RMZ, 
providing	a	RMZ	was	defined.	



See Section 2.2.2 for additional discussion.



When a Regulatory Mixing Zone (RMZ)	 definition	
exists,	it	can	be	specified	by:	



1. A distance from the discharge location. 



2. The cross sectional area occupied by the plume.



3.	 The	width	of	the	effluent	plume.	



The Region of Interest (ROI),	which	is	a	user	defined	
region where mixing conditions are to be analyzed, 
is	specified	as	the	maximum	analysis	distance	in	the	
direction	of	mixed	effluent	flow.	



The grid Intervals for display controls how many 
lines of output data are written from the simulation 
model	 within	 each	 flow	 simulation	 module.	 This	
parameter’s allowable range is 3 to 800 and the 
chosen value does not affect the accuracy of the 
CORMIX prediction, only the amount of output detail. 
A	low	value		(e.g.	4-10)	should	be	specified	for	initial	
calculations to minimize printout lengths while a 
large	value	might	be	desirable	for	final	predictions	to	
resolve locations of mixing zone boundaries.



4.7 Output Control Tab 



The “Output” tab form has radio control buttons to 
control CORMIX output in a simulation. The user  
can display, print, display and print, or have no 
output of the prediction file (fn.prd),  session report 
(fn.ses), flow class description	 (fn.flw),	 design 
recommendations (fn.rec), and processing record 
(fn.jrn).  In addition, the user can select radio buttons 
to show the rule-tree stem and leaf display of the 
rules used in data processing.



4.8 Processing Tab



The “Processing” tab allows the user to step 
through to CORMIX simulation or execute the 
entire simulation at once. The processing record 
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is shown in the text display window as the rule 
bases and simulation models execute. This window 
displays important messages about the case under 
consideration and relates initial conclusions about 
flow	behavior.



4.9 Units of Measure



CORMIX uses the metric system (SI) of 
measurement for all internal calculations and 
program reports. When data values are provided to 
the user in English mixed units, these are converted 
to equivalent metric values internally by the program 



before simulation model execution.  All CORMIX 
output is in SI (M-KG-S) units.



Pollutant concentrations can be entered in any 
conventional	 measure	 such	 as	mg/l,	 ppb,	 bacteria-
count, etc.



Considering the potential accuracy of CORMIX 
predictions,	 three	 to	 four	 significant	 digits	 are	
sufficiently	accurate	for	most	 input	data	values.	The	
only	exceptions	are	the	ambient	and	effluent	density	
values.	 These	 may	 require	 five	 significant	 digits,	
especially when simulating the discharge to an 
ambient	density-stratified	receiving	water	body.
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As a highly interactive CAD system CORMIX 
provides mixing zone information to the user through 
qualitative descriptions and detailed quantitative 
predictions. This output can be viewed on-screen, 
directed	 to	a	printer,	 or	 stored	 in	 files.	This	 chapter	
describes the various text, tabular, and graphic 
output available from CORMIX simulations.



5.1 Qualitative Output: Flow 
Class Descriptions



After completion of the input data entry forms, the 
user selects “Run” from drop down menu or “Run” 
in the processing Tab and the system proceeds 
through	 the	 program	 elements	 following	 the	 flow	
chart displayed in Figure 3.6. In addition to the 
routine operational messages provided during 
program execution, important qualitative information 
is displayed on screen about the ongoing analysis of 
the	given	ambient/discharge	case.	The	three	general	
types	of	descriptive	information	provided	are:	



1. Descriptive messages.



2. Length scale computation results. 



3. Flow class descriptions. 



The paragraphs within this section aid in the 
interpretation of that information.



The logic program elements (rule-bases), in 
particular, provide essential information on the 
expected dynamic behavior of the discharge. By 
actively participating in the interactive process, the 
novice and intermediate user can derive a substantial 
educational	benefit	and	technical	appreciation	of	the	
physical aspects of initial mixing processes. Although 
advanced	 users	 may	 find	 some	 of	 the	 presented	



material somewhat repetitive, they should still 
consult messages in the processing record and note 
the length scale computation results. 



5.1.1  Processing Record 
Messages



Processing record messages provide physical 
information and insight into the logic and reasoning 
employed by CORMIX. They are available in the 
text	window	within	the	Processing	Tab	and/or	can	be	
printed and displayed by selecting the Processing 
Record radio button in the Output Tab. 



Three	examples	of	descriptive	messages	are:



1.	 “The	effluent	density	 (1004.5	kg/m^3)	 is	greater	
than the surrounding water density at the 
discharge	 level	 (997.2	 kg/m^3).	 Therefore,	 the	
effluent	 is	 negatively	 buoyant	 and	 will	 tend	 to	
sink towards the bottom.”



2. “STRONG  BANK  INTERACTION will occur 
for this perpendicular diffuser type due to its 
proximity to the bank (shoreline). The shoreline 
will	 act	 as	 a	 symmetry	 line	 for	 the	 diffuser	 flow	
field.	The	diffuser	length	and	total	flow	variables	
are doubled (or approximately doubled, 
depending on the vicinity to the shoreline). All of 
the following length scales are computed on that 
basis.”



3.	 “The	 specified	 two	 layer	 ambient	 density	
stratification	 is	 dynamically	 important.	 The	
discharge	near-field	flow	will	be	confined	 to	 the	
lower	 layer	by	the	ambient	density	stratification.	
Furthermore, it may be trapped below the 
ambient density jump at the pycnocline.”
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The preceding example output highlights several 
features of CORMIX’s descriptive messages. These 
include:	



1. Conveying basic information about the involved 
mixing processes.



2. Using careful terminology (e.g.“..tend to sink..”).



3. Describing key calculation assumptions.



4. Alerting the user to sensitive analysis conditions. 



In some instances, the provided information may 
be obvious to the user, while in others it may not, 
particularly for situations involving linear ambient 
stratification.	 The	 use	 of	 careful	 terminology	 is	



necessary because messages are presented as the 
analysis proceeds and subsequent tests may alter 
or	 amplify,	 initial	 results.	 For	 example,	 near-field	
instabilities, which are tested for late in the analysis, 
can prevent an otherwise sinking plume. 



5.1.2  Length Scale Computations
The rulebase computes “length scales” which 
represent important dynamic measures about the 
relative	influence	of	certain	hydrodynamic	processes	
on	 effluent	 mixing.	 Examples	 of	 important	 length	
scales and descriptions appear in Table 5.1.  These 
calculated values are subsequently used in the 
classification	 rulebase	 to	 identify	 the	 generic	 flow	



Table 5.1 Length Scales for Single Port Submerged Discharges (Used in CORMIX1 and CORMIX2)



Length Scale Interpretation



Jet/plume	transition:	 
LM = Mo



3/4/Jo
1/2	



For	combined	buoyant	jet	flow,	the	distance	at	which	the	transition	from	jet	to	
plume behavior takes place in a stagnant uniform ambient.



Jet/crossflow: 
Lm = Mo



1/2/ua 



In the presence of a crossflow, the distance of the transverse (i.e. across 
ambient flow) jet penetration beyond which the jet is strongly deflected 
(advected) by the cross flow. For a strictly co-flowing discharge (θ = 0, σ = 0), 
the length of the region beyond which the flow is simply advected.



Plume/crossflow:  
Lb = Jo/ua



3 
The	vertically	upward	or	downward	flotation	distance	beyond	which	a	plume	
becomes	strongly	advected	by	crossflow.



Jet/stratification: 
Lm’ = Mo



1/4/ε1/4	
In	a	stagnant	linearly	stratified	ambient,	the	distance	at	which	a	jet	becomes	
strongly	affected	by	the	stratification,	leading	to	terminal	layer	formation	with	
horizontally	spreading	flows.



Plume/stratification:  
Lb’ = Jo



1/4/ε3/8	
In	a	stagnant	linearly	stratified	ambient,	the	distance	at	which	a	plume	becomes	
strongly	affected	by	the	stratification,	leading	to	terminal	layer	formation	with	
horizontally	spreading	flows.



Notes:	Mo = UoQo,		kinematic	momentum	flux



Jo = g’oQo,	kinematic	buoyancy	flux



Qo = UoAo,	source	discharge	volume	flux



Ao = port area



ua = ambient velocity



Uo = port discharge velocity



ε = ambient buoyancy gradient



g’o	=	discharge	buoyancy	=	g(ρa - ρo)/ρa
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class upon which the hydraulic simulations will be 
based.	 This	 flow	 classification	 is	 accomplished	
through formal dynamic length scale analysis, 
a key aspect of the theoretical underpinnings for 
the CORMIX approach. CORMIX documentation 
manuals (1,11,36) and related journal publications 
provide theoretical background on length scale 
definitions	and	significance,	derivation	from	principles	
of	dimensional	analysis,	and	use	in	the	CORMIX	flow	
classification	approach.	



Although	 flow	 classification	 is	 a	 formal	 process	
using	 criteria	 derived	 from	 theoretical	 studies	 and/
or experimental data, a great deal can be deduced 
about	the	flow	dynamics	by	comparing	the	calculated	
length scales to the actual physical measures of the 
ambient/discharge	situation.	Of	greatest	 importance	
are comparison to such geometric measures as 
available water depth (HD), pycnocline height 
(HINT) and distance to the nearest bank (DISTB). 
Users are encouraged to make comparisons of 
the more important length scales and examples on 
how to make appropriate comparisons in a given 
application.



1. Single port discharges:	 Some	 important	
length scales relating to submerged round 
buoyant jets (CORMIX1) are described in Table 
5.1.	These	scales	are	defined	 from	an	 interplay	
of	the	momentum	and	buoyancy	flux	quantities	of	
the discharge with each other or with the current 
velocity	and	stratification	gradient	variables.



For example, consider a vertically discharging 
buoyant	jet	into	an	unstratified	ambient	receiving	
water. When calculated Lm and Lb values are 
substantially less than the local water depth 
(HD), this is an immediate indication to the 
user	 that	 the	 crossflow	 is	 very	 strong,	 leading	
to complete bending of the buoyant jet. If the 
reverse	 holds	 true,	 the	 crossflow	 may	 be	 so	
weak	 that	 its	 deflecting	 effect	 is	 negligible,	 and	
the buoyant jet will strongly interact (impinge) 
with	 the	 water	 surface.	 In	 the	 first	 instance,	 a	
situation as depicted in Figure 2.2b combined 
with Figure 2.2a will result, while in the second 
instance,	 a	 flow	 resembling	 Figures 2.2c or 
Figure 2.2d may arise, depending on the relation 
of the two scales with each other. 



As another example, consider a buoyant jet 
discharging	 into	 a	 linearly	 stratified	 ambient.	 If	
Lm’ and Lb’ are larger than the pycnocline height 
(HINT) and the water depth (HA), this would be 
an	 indication	 that	 the	 existing	 stratification	 is	
so weak that it will not lead to any trapping of 
the	 effluent	 plume	 within	 the	 available	 vertical	
space.



By making such comparisons, users will 
gradually gain intuition on the behavior of the 
buoyant jet and other mixing processes within the 
space constraints of the ambient environment. 
Those interested in design can quickly gain an 
appreciation of length scale measures and their 
sensitivity to design choices. However, there 
are limitations to these simplistic comparisons 
because the length scales are by no means 
precise	 measurements	 for	 the	 influence	 of	 the	
different processes. As their name implies they 
should be taken only as “scale” estimates. The 
actual	 CORMIX	 classification	 scheme	 uses	
formal criteria when comparing length scale 
measures with the geometric constraints or each 
other.



2. Multiport diffusers:	 Some	 important	 length	
scales for multiport diffusers (CORMIX2) are 
described in Table 5.2. To a large extent, these 
scales have a similar meaning for the behavior 
of the plane buoyant jet as the earlier ones 
discussed for the round buoyant jet (Table 
5.1). However, they are calculated differently 
because CORMIX2 uses an “equivalent slot 
diffuser” concept to model the overall dynamics 
of the submerged multiport diffuser (Section 
3.1). Except for the immediate close-up zone 
before the individual jets merge (Figure 2.1d) 
this concept is a dynamically valid and accurate 
representation	of	multiport	diffuser	flows	(6). 



However, there are exceptions and additional 
complexities to interpreting the two-dimensional 
slot length scale measures described in Table 
5.2. In addition to the predominately two-
dimensional	 flow	 behavior,	 some	 of	 the	 large	
scale dynamics of multiport diffusers may also 
be	influenced	by	other	scales	depending	on	the	
overall	diffuser	flow	pattern.	A	notable	example	is	
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circulating motions induced in shallow receiving 
waters	due	to	 intermediate-field	effects	(Section 
2.1.1). The immediate close-up zone before the 
individual jets merge is also not addressed by 
the two-dimensional length scales. Additional 
discussion of these and other peculiarities can 
be found elsewhere (6,18).



3. Buoyant surface jets: Some important length 
scales	 that	 describe	 the	 near-field	 dynamics	 of	
buoyant	surface	jets	discharging	into	unstratified	



receiving waters (CORMIX3) are listed in Table 
5.3.	 These	 scales	 are	 defined	 in	 a	 similar	
manner to the submerged discharged cases but 
due to the discharge location at the surface, they 
have different interpretations. For example, Lm 
is compared to the channel width (BS) instead 
of the local water depth as it was in submerged 
case examples; if Lm exceeds BS, the discharge 
will quickly interact with the opposing bank. 



Table 5.2  Dynamic Length Scales for Multiport Diffuser (CORMIX2) in the Two-Dimensional  
“Slot” Discharge Representation.



Length Scale Interpretation



Slot	jet/plume	transition:	
ℓM = mo/jo



2/3  
For	combined	buoyant	jet	flow,	the	distance	at	which	the	transition	from	jet	to	
plume behavior takes place in a stagnant uniform ambient.



Slot	jet/crossflow: 
ℓm = mo/ua



2 



In	the	presence	of	a	crossflow,	the	distance	of	the	transverse	(i.e.	across	
ambient	flow)	jet	penetration	beyond	which	the	jet	is	strongly	deflected	
(advected)	by	the	cross	flow.	For	a	strictly	co-flowing	discharge	(q = 0, s= 0), 
the	length	of	the	region	beyond	which	the	flow	is	simply	advected.



Slot	jet/stratification: 
 lm’ = mo



1/3/ε1/3 
In	a	stagnant	linearly	stratified	ambient,	the	distance	at	which	a	jet	becomes	
strongly	affected	by	the	stratification,	leading	to	terminal	layer	formation	with	
horizontally	spreading	flows.



Slot	plume/stratification: 
lb’ = jo



1/3/ε1/2  
In	a	stagnant	linearly	stratified	ambient,	the	distance	at	which	a	plume	
becomes	strongly	affected	by	the	stratification,	leading	to	terminal	layer	
formation	with	horizontally	spreading	flows.



Crossflow/stratification: 
la = ua/ε1/2  



The	vertically	upward	or	downward	floatation	distance	beyond	which	a	plume	
becomes	strongly	advected	by	crossflow.



Notes:	Mo = UoQo,		kinematic	momentum	flux



Jo  = g’oQo,	kinematic	buoyancy	flux



Qo = UoAo,	source	discharge	volume	flux



Ao  = port area



ua  = ambient velocity



Uo  = port discharge velocity



ε = ambient buoyancy gradient



g’o	=	discharge	buoyancy	=	g(ρa - ρo)/ρa



n   = total number of nozzles



LD = overall diffuser length
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4. Tidal reversing flows: Additional length and 
time	 scales	 can	 be	 defined	 for	 unsteady	 flows	
in	which	 the	 scale	 of	 influence	of	 an	 oscillating	
plume depends on the rate of velocity reversal 
change at slack tide (36,42). CORMIX will take 
the actual steady-state predictions and adjust 
their concentration values according to the time 
after reversal relative to the time scale Tu and 
also limit their areal applicability relative to Lu.



5.1.3  Description of Flow Classes
The	rulebase	performs	a	rigorous	classification	of	the	
given	 discharge/ambient	 situation	 into	 one	 of	many	
generic flow classes with distinct hydrodynamic 
features. In a way, this amounts to identifying a 
general	 pictorial	 description	 of	 the	 expected	 flow	
configuration.



Table 5.5 lists and describes broad categories of 
flow	 classes	 available	 in	 CORMIX.	 CORMIX1,	
CORMIX2 and CORMIX3, consider 70, 62, and 11 
distinct	 flow	 classifications,	 respectively.	 Each	 flow	
class	identification	consists	of	an	alphanumeric	label	



corresponding	 to	 the	 flow	 category	 and	 a	 number	
(e.g.	 MU2).	 Text	 descriptions	 of	 the	 flow	 classes	
are available on-screen during the analysis through 
a web browser using the “FC-Tree” postprocessor 
function. Or alternatively, they can printed from the 
files	stored	within	sub-directory	\TEXT	(Table	3.1).	



Pictorial	 illustrations	 of	 the	 flow	 classes	 are	 found	
in Appendix A. As an example, Figure 5.1 shows 
the	 pictorial	 illustration	 and	 text	 description	 for	 flow	
class	S1,	a	case	of	an	effluent	that	becomes	trapped	
in	ambient	stratification.	 It	 is	strongly	recommended	
that	novice	or	 intermediate	users	scrutinize	the	flow	
class	 descriptions	 and	 classification	 trees	 to	 gain	
a	 qualitative	 understanding	 of	 the	 effluent	 flow’s	
behavior. 



5.1.4  Outfall Design Advice
General qualitative advice on outfall design is 
available for single ports, multiport diffusers, and 
surface outfall sources. The option is available by 
selecting the “Design Recommendations” radio 



Table 5.3  Dynamic Length Scales for Buoyant Surface Jets (CORMIX3) Discharging into Unstratified 
Receiving Water



Length Scale Interpretation



Jet/plume	transition: 
LM = Mo3/4/Jo1/2 



For stagnant ambient conditions, the extent of the initial jet region before 
mixing changes over into an unsteady surface spreading motion.



Jet/crossflow: 
Lm = Mo1/2/ua 



The	distance	over	which	a	discharging	jet	intrudes	into	the	ambient	crossflow	
before	it	gets	strongly	deflected.



Plume/crossflow: 
Lb = Jo/ua3 



A measure of the tendency for upstream intrusion for a strongly buoyant 
discharge.



Notes:	Mo = UoQo,		kinematic	momentum	flux



Jo = g’oQo,	kinematic	buoyancy	flux



Qo = UoAo,	source	discharge	volume	flux



Ao = port area



ua = ambient velocity



Uo = port discharge velocity



g’o = discharge buoyancy = g(ρa - ρo)/ρa
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FLOW CLASS S1



This flow configuration is profoundly affected by the linear ambient density 
stratification. The predominantly jet like flow gets trapped at some terminal 
(equilibrium) level. The trapping is also affected by the reasonably strong 
ambient crossflow.



Following the trapping zone, the discharge flow forms an internal layer that 
is further influenced by buoyant spreading and passive diffusion. 



The following flow zones exist: 



1) Weakly deflected jet in crossflow: The flow is initially dominated by the 
effluent momentum (jet like) and is weakly deflected by the ambient current. 



2) Strongly deflected jet in crossflow: The jet has become strongly deflected 
by the ambient current and is slowly rising toward the trapping level. 



3) Terminal layer approach: The bent over submerged jet/plume approaches the 
terminal level. Within a short distance the concentration distribution be-
comes relatively uniform across the plume width and thickness. 



***  The zones listed above constitute the NEAR-FIELD REGION in which strong 
initial mixing takes place. *** 
 
4) Buoyant spreading in internal layer: The discharge flow within the inter-
nal layer spreads laterally while it is being advected by the ambient cur-
rent. The plume thickness may decrease during this phase. The mixing rate is 
relatively small. The plume may interact with a nearby bank or shoreline.



5) Passive ambient mixing: After some distance the background turbulence in 
the ambient shear flow becomes the dominating mixing mechanism. The passive 
plume is growing in depth and in width. The plume may interact with the up-
per layer boundary, channel bottom, and/or banks. 



***   Predictions will be terminated in zone 4 or 5 depending on the defini-
tions of the REGULATORY MIXING ZONE or the REGION OF INTEREST. *** 



Figure 5.1 Example of a Flow Class Description



button in the Output tab. The system provides 
suggestions on modeling approaches which will 
capture important design considerations. Likely 
mixing zone behavior due to variation in ambient 
and discharge characteristics are explored. 
Moreover, inspection of the processing record will 
alert	 the	users	to	flag	undesirable	designs.	Detailed	
discussions on outfall design are available from 
numerous sources (19,23,31,34).



5.2 Quantitative Output: 
Numerical Flow  
Predictions



After	 execution	 of	 the	 detailed	 flow	 prediction	 in	
program element HYDRO1, 2, 3,  or DHYDRO, the 
system provides two types of detailed numerical 
output	 on	 effluent	 plume	 trajectory,	 mixing,	 and		
compliance with regulations. A concise summary 
is	 available	 on-screen	 in	 the	 final	 system	 summary	
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element	and	a	detailed	numerical	output	file	 is	also	
generated for inspecting and plotting the plume’s 
behavior after the analysis.



5.2.1  Session Summary Report 
Output File fn.ses



The session summary report provides a concise 
summary hydrodynamic simulation results and 
applicable regulatory criteria. The self-explanatory 
summary output which can be displayed on-screen 
includes:	



1. Date and time of the analysis section.



2. Complete echo of the input data.



3.	 Calculated	 flux,	 length	 scale,	 and	 non-
dimensional parameter values.



4.	 Flow	 classification	 used	 for	 predicting	 plume	
trajectory and mixing.



5. Coordinate system used in the analysis.



6.	 Summary	 of	 the	 near-field	 region	 (NFR)	
conditions.



7.	 Far-field	 locations	 where	 the	 plume	 becomes	
essentially fully mixed (i.e. uniform concentration) 
in the horizontal and vertical directions.



8. Summary of the toxic dilution zone (TDZ) 
conditions.



9. Summary of the regulatory mixing zone (RMZ) 
conditions. 



Note:	Session	report	obtains	all	values	from	the	
prediction	file.	 If	 the	RMZ	or	TDZ	concentration	
value	occurs	within	a	prediction	file	output	 step	
interval, then linear interpolation is used to 
estimate the RMZ or TDZ coordinate position. 
For small step sizes, linear interpolation will 
produce reasonable estimates for RMZ or TDZ 
coordinate position.  However, since mixing is 
a non-linear process, if the step interval in the 
prediction	 file	 becomes	 very	 large,	 then	 linear	
interpolation may produce a poor estimate of 
coordinate location. The value of “Grid Intervals 
for Display” in the Mixing Zone tab may be 
increased to minimize output step size and 
interpolation error in determination of RMZ and 
TDZ location.  



The coordinate system conventions pertain to 
the origin location and axis direction. In CORMIX1 



Table 5.4  Dynamic Length and Time Scales for Discharges into Unsteady Tidal Reversing Flows.



Length and Time Scale Interpretation



Jet-to	unsteady-crossflow	
length scale  



A	measure	of	the	distance	of	forward	propagation	into	the	ambient	flow	of	
a discharge during the reversal episode.



Jet-to	unsteady-crossflow	
time scale  



A	measure	of	the	duration	over	which	an	effluent	may	be	considered	as	
discharging	into	stagnant	water	while	the	velocity	field	is	reversing.



Notes:	Mo = UoQo,		kinematic	momentum	flux



 |dua/dt| = time rate of reversal of ambient velocity 



Lu = [           ]
1
3Mo  



|dua/dt|



Tu = [              ]Mo  
|dua/dt| 



1
6



1
4
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analyses, the origin is located at the bottom of the 
receiving water just below the discharge port center 
and thus, at a depth HD below the water surface. 
In CORMIX2 analyses, the origin is located at the 
bottom of the receiving water, at the midpoint of 
the diffuser line and thus, at a depth HD below the 
water surface. In CORMIX3 analyses, the origin is 
located at the water surface where the discharge 
channel centerline and receiving water shoreline 
intersect. The x-axis lies in the horizontal plane and 
points downstream in the direction following the 
ambient	 flow;	 the	 y-axis	 lies	 in	 the	horizontal	 plane	



and points to the left as seen by an observer looking 
downstream along the x-axis; and the z-axis points 
vertically upward. 



For	 brine	 and/or	 sediment	 effluent	 types,	 the	
DHYDRO simulation assigns the origin at the water 
surface where the discharge channel centerline and 
receiving water shoreline intersect.  



Note: When the ambient current direction 
varies	 (e.g.	 due	 to	 reversing	 tidal	 flows),	 the	
interpretation of simulation results becomes 



Table 5.5 Flow Class Categories and Descriptions.



Flow Class Description



CORMIX1			70	flow	classes



Classes S Near	bottom	discharge	flows	trapped	in	a	layer	within	linear	stratification.



Classes IS Near	surface	discharge	flows	trapped	in	a	layer	within	linear	stratification.



Classes	V,H	 Near	bottom	discharge	positively	buoyant	flows	in	a	uniform	density	layer.



Classes	IV,IH	 Near	surface	discharge	positively	buoyant	flows	in	a	uniform	density	layer.



Classes	NV,NH Near	bottom	discharge	negatively	buoyant	flows	in	uniform	density	layer.



Classes	IPV,IPH Near	surface	discharge	positively	buoyant	flows	in	uniform	density	layer.



Classes A Near	bottom	discharge	flows	affected	by	dynamic	bottom	attachment.



Classes IA Near	surface	discharge	flows	affected	by	dynamic	surface	attachment.



CORMIX2				62	flow	classes



Classes MS 	Near	bottom	discharge	flows	trapped	in	a	layer	within	linear	ambient	stratification.



Classes IMS 	Near	surface	discharge	flows	trapped	in	a	layer	within	linear	ambient	stratification.



Classes MU 	Near	bottom	discharge	positively	buoyant	flows	in	a	uniform	density	layer.



Classes IMU 	Near	surface	discharge	positively	buoyant	flows	in	a	uniform	density	layer.



Classes MNU Near	bottom	discharge	negatively	buoyant	flows	in	uniform	density	layer.



Classes IMPU Near	surface	discharge	positively	buoyant	flows	in	uniform	density	layer



CORMIX3				9	flow	classes



Classes FJ Free	jet	flows	without	near-field	shoreline	interaction.



Classes SA Shoreline-attached	discharges	in	crossflow.



Classes WJ Wall	jets/plumes	from	discharges	parallel	to	shoreline.



Classes PL Upstream intruding plumes.
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more involved since the x axis and the y axis will 
change	depending	on	flow	direction.	In	all	cases,	
the	prediction	file	states	the	location	of	the	origin	
used in the simulation. 



In addition to the numerical predictions of the 
plume size, location, and chemical concentration, 
the	 summary	 of	 near-field	 region	 (NFR)	 conditions	
describes other relevant plume features such as 
bottom attachment, bank interaction, and the degree 
of upstream intrusion. This information is useful 
for  engineering design and determining whether 
important resource areas may be exposed to 
undesirable chemical concentrations (34).



In case of a toxic discharge, the summary toxic 
dilution zone (TDZ) conditions will indicate 
the location along the plume where the local 
concentration	begins	to	fall	below	the	specified	CMC.	
CORMIX automatically checks compliance with the 
three geometric restrictions listed for mixing zones 
associated with toxic discharges under alternative 
three (see Section 2.2.3) and the results of these 
comparisons are displayed. The user can evaluate 
the fourth alternative by referring to travel times 
given at the end of each simulation module in the 
related	output	files.



When regulatory mixing zone (RMZ) criteria have 
been	specified	during	input	data	entry,	the	geometric,	
dilution and concentration conditions at the edge 
of	 the	 specified	 or	 proposed	 RMZ	 are	 compared	
to	 these	 criteria	 and/or	 to	 the	 applicable	 CCC	
concentration following the practices discussed in 
Section 2.2.4. The results of these comparisons are 
displayed	within	the	summary	file.



5.2.2  Detailed Prediction Output 
File fn.prd 



The	file	 ‘fn.prd’	stored	within	 the	specified	CORMIX	
directory contains the same information available 
in the summary output plus detailed numerical 
predictions on plume geometry and mixing produced 
during	the	hydraulic	simulation.	Data	in	that	file	form	
the basis for further analysis, inspection, evaluation, 
and plotting of the plume shape and trajectory. The 



graphics package also uses the same data to plot 
on-screen, and print if desired, the plume properties 
as explained in this section.



During program execution, the user has several 
opportunities to display on-screen or print out this 
file.	 It	 can	 also	 be	 printed	 at	 a	 later	 date	 by	 using	
the print button. CORMIX will not erase any of 
the	 files	 with	 .prd	 extension	 that	 get	 stored	 in	 the	
CORMIX directory. Consequently, periodic directory 
maintenance is recommended to remove old and 
superfluous	files.	



Complete	 output	 file	 examples	 can	 be	 inspected	 in	
Appendices B, C, and D.



All CORMIX simulation models produce a “filename.
prd”	 output	 file	 with	 common	 appearance	 and	
features as described in the following paragraphs.



1. Lead-in information: The output starts (and 
ends) with a “111...111”, “222...222”, “333...333” 
or “DDD...DDD”, banner line to accentuate 
which subsystem has been used. The date 
and time of the analysis session and important 
input	 data	 are	 the	 next	 items	 in	 the	 file.	 This	
data is subsequently followed by the calculated 
length scale values, non-dimensional numbers 
of	 interest	 to	 the	 specialist,	 the	 flow	 class	
identification,	 and	 the	 coordinate	 system	 is	
displayed.



2. Prediction results for each flow “module”:	
As was mentioned previously in Section 3.6, 
the CORMIX prediction methodology utilizes 
a number of simulation modules executed 
sequentially	and	correspond	to	the	different	flow	
processes and associated spatial regions which 
occur	 within	 a	 given	 flow	 class.	 The	 “filename.
prd”	 output	 reflects	 that	 sequence	 and	 is	 a	
arranged in output blocks for each module.



Each simulation module has a “MODnxx” label 
where “n” is 1, 2, or 3 corresponding to CORMIXn, 
and	“xx”	is	a	two-digit	identification	number.	The	two	
general	 types	 of	 modules	 are	 continuous	 flow	 and	
control volume. 



The continuous flow module type describes 
the	 continuous	 evolution	 of	 a	 flow	 region	 along	
a trajectory. Depending on the number of grid 
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BEGIN MOD142: BUOYANT TERMINAL LAYER SPREADING                                
-----------------------------------------------------------------------------  
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION                     
  Jet-like motion in linear stratification with weak crossflow. 
 Zone of flow establishment:            THETAE=     10.00  SIGMAE=     89.88
  LE    =      1.25  XE    =      0.00  YE    =      1.23  ZE    =      0.82
 Profile definitions:
   B = Gaussian 1/e (37%) half-width, normal to trajectory
   S = hydrodynamic centerline dilution
   C = centerline concentration (includes reaction effects, if any)
       X        Y       Z        S       C       B
      0.00     0.00    0.60     1.0 0.350E+04   0.13
      0.00     1.23    0.82     1.0 0.350E+04   0.14
      0.02     3.61    1.25     2.7 0.131E+04   0.41
      0.08     5.86    1.70     4.4 0.804E+03   0.66
      0.18     8.22    2.22     6.1 0.571E+03   0.93
      0.32    10.68    2.82     8.0 0.436E+03   1.21
  Level of buoyancy reversal in stratified ambient.
      0.51    13.02    3.39     9.8 0.356E+03   1.48
      0.73    15.38    3.91    11.6 0.302E+03   1.76
      0.99    17.64    4.22    13.3 0.263E+03   2.02
  Maximum jet height has been reached.
      1.31    20.03    4.27    15.2 0.231E+03   2.30
      1.68    22.40    3.96    17.2 0.204E+03   2.58
      2.09    24.72    3.42    19.2 0.182E+03   2.87
  Terminal level in stratified ambient has been reached.
 Cumulative travel time =          66.3937 sec 
END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION                    
-----------------------------------------------------------------------------   



Figure 5.2 Submerged single port buoyant jet module



intervals	specified	by	the	user,	information	on	plume	
geometry,	 flow,	 and	 mixing	 information	 along	 the	
plume trajectory may be available for few or many 
water body coordinate locations.



Figure 5.2 provides examples of typical output from 
continuous	flow	modules.	The	annotations	along	the	
right margin illustrate important features of the output 
format. Figure 5.2 was taken from a CORMIX1 
simulation	 output	 file	 and	 shows	 an	 example	 of	 a	
submerged jet region module (MOD110, equivalent 
to CorJet). The output contains labeling information 
on	 the	 module	 and	 explanatory	 notes	 on	 profile	
definitions.	 It	 also	 gives	 a	 numerical	 list	 on	 the	
predictions,	 first	 repeating	 the	 final	 values	 from	 the	
preceding	 flow	 module	 and	 then	 one	 line	 for	 each	
user-specified	 grid	 interval.	 This	 information	 gives	
the	 x-y-z	 position	 of	 the	 jet/plume	 centerline,	 the	



dilution (S) and concentration (C) at the centerline, 
and the jet width (B). 



Dilution (S)	 is	 defined	 as	 the	 ratio	 of	 the	 initial	
concentration (at the discharge port) to the 
concentration at a given location, irrespective of 
any	 decay	 or	 growth	 effects	 if	 specified	 for	 a	 non-
conservative pollutant. However, concentration 
(C)	 will	 include	 any	 first-order	 effects	 for	 non-
conservative pollutants. Dilution (S) given by 
CORMIX for submerged jet or plume regions is the 
minimum	 centerline	 dilution	 for	 the	 jet/plume.	 The	
control volume and buoyant spreading modules give 
bulk	dilutions,	which	are	equivalent	to	flux-averaged	
dilutions	for	these	regions.	If	a	flux-averaged	dilution	
Sf is desired for submerged jet or plume regions, the 
ratio	of	flux-average	to	minimum	centerline	dilution	Sf 
/S	=	1.7	and	1.3,	for	single-port	round	and	multiport	
plane discharges, respectively.
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BEGIN MOD341: BUOYANT AMBIENT SPREADING                                    
 Profile definitions:
   BV = top-hat thickness,measured vertically
   BH = top-hat half-width, measured horizontally from bank/shoreline
   S  = hydrodynamic average (bulk) dilution
   C  = average (bulk) concentration (includes reaction effects, if any)
  Plume Stage 1 (not bank attached):
       X        Y       Z        S       C       BV       BH
      6.83    -1.33    0.00     5.5 0.145E+02   0.03     1.07
      7.00    -1.33    0.00     5.6 0.144E+02   0.03     1.12
      7.17    -1.33    0.00     5.6 0.142E+02   0.03     1.16
      7.34    -1.33    0.00     5.7 0.140E+02   0.03     1.20
      7.51    -1.33    0.00     5.8 0.139E+02   0.03     1.25
      7.69    -1.33    0.00     5.8 0.138E+02   0.03     1.29
      7.86    -1.33    0.00     5.9 0.136E+02   0.03     1.33
 Cumulative travel time =          55.1108 sec
 ---------------------------------------------------------------------------   
 Plume is ATTACHED to LEFT  bank/shore.
   Plume width is now determined from LEFT  bank/shore.
 Plume Stage 2 (bank attached):
       X        Y       Z        S       C       BV       BH
      7.86     0.00    0.00     5.9 0.136E+02   0.03     2.66
** WATER QUALITY STANDARD OR CCC HAS BEEN FOUND **
 The pollutant concentration in the plume falls below water quality standard
   or CCC value of 0.100E+02 in the current prediction interval.
 This is the spatial extent of concentrations exceeding the water quality    
standard or CCC value.
     23.22     0.00    0.00     9.9 0.804E+01   0.02     5.48
     38.57     0.00    0.00    17.7 0.452E+01   0.03     7.65
     53.93     0.00    0.00    30.3 0.264E+01   0.04     9.54
     69.29     0.00    0.00    48.4 0.165E+01   0.06    11.28
     84.64     0.00    0.00    72.5 0.110E+01   0.08    12.90
    100.00     0.00    0.00   103.3 0.775E+00   0.10    14.44
 Cumulative travel time =         473.9337 sec
 
 Simulation limit based on maximum specified distance =    100.00 m.
   This is the REGION OF INTEREST limitation.
 END OF MOD341: BUOYANT AMBIENT SPREADING                                      
----------------------------------------------------------------------------   



Figure 5.3 Far-field flow module (example of surface discharge buoyant spreading with bank 
contact).



The cumulative travel time (T) is given at the end of 
each simulation module. The travel time can be used 
to assess the applicability of steady-state predictions 
given by CORMIX to time scales appropriate for the 
particular application.



Another	 example	 of	 a	 continuous	 flow	 module	
output is shown in Figure 5.3  It was abstracted 
from	 a	 CORMIX3	 simulation	 output	 file	 and	 shows	
predictions	 for	 the	 far-field	 process	 of	 buoyant	



ambient spreading (Figure 2.6). Although it is terse, 
the	 output	 file	 values	 and	 commentary	 generally	
provide	 a	 complete	 picture	 of	 flow	 conditions.	 In	
this example, output (Figure 5.3), evidence of 
this completeness includes prediction output is 
separated in two stages corresponding to before and 
after bank interaction, respectively; due to the typical 
oblong cross-section of the plume in this stage, 
width dimensions for the vertical and lateral extent 
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are	given	and	defined.	The	coordinates	for	the	upper	
and lower boundaries of the plume are listed as a 
convenience for plotting and the system searches 
for criteria that apply to mixing zone regulations and 
when	a	criterion	 is	satisfied,	a	 remark	gets	 inserted	
in the output list at the appropriate spatial position. 
For all surface modules, the plume vertical thickness 
(BV)	 and	 plume	 horizontal	 half-width	 (BH)	 are	
reported.		(Note:	The	length	dimensions	in	Figure	5.3	
are small as they relate to a laboratory simulation.) 



Note: The position of the y-coordinate becomes 
0 after bank attachment, with the left bank 
becoming a plane of symmetry. After bank 
attachment, plume width BH is reported as 
the full width rather than the half-width value 
reported before lateral bank attachment. 



Some	mixing	flow	processes	are	so	complicated	that	
no mechanistically-based mathematical description 
of them is presently available in state-of-the-art 
science. Those processes are best analyzed with 
control volume modules as shown in Figure 5.4. 



In	the	control	volume	modeling	approach,	the	outflow	
values for a region are computed as a function of 
the	 inflow	 values	 and	 are	 based	 on	 conservation	
principles.



An output example for control volumes modules is 
illustrated in Figure 5.4. It is taken from a CORMIX1 
simulation	output	file	and	gives	predictions	for	a	flow	
case	corresponding	to	an	unstable	near-field	(Figure	
2.2c).	 Note	 a	 separate	 listing	 of	 inflow	 variables	
and	 outflow	 variables	 is	 given	 with	 appropriate	
explanations. The tabular listing of plume shape is 
based on an interpolation routine using a generic 
plume shape for these upstream intruding motions, 
rather than a detailed computation.



Numerous other supplementary messages on plume 
behavior (e.g. bottom attachment, bank contact, etc.) 
and possible model restrictions (e.g. ambient dilution 
limitations	in	a	flow-restricted	river)	are	contained	in	
the output as warranted. Figures 5.3 and 5.4 provide 
a few examples of these user aids. 



In some instances, users may desire to plot 
concentration isolines for the predicted plume 
shapes. The information contained in the HYDROn 
output	 file	 for	 each	 module	 and	 the	 definitions	
shown	 in	Figure	5.5	are	sufficient	 to	construct	such	
plots. In particular, submerged plume or passive 
mixing regions that have a Gaussian distribution, the 
following	formula	can	be	used:



where c(n) is the lateral concentration, n is the 
coordinate position measured transversely away from 
the centerline, cc is the centerline concentration, e is 
the natural logarithm base, and b is the local plume 
half-width. However, this equation cannot be used to 
plot concentration isolines in the control volume or 
buoyant	spreading	regions	because	they	are	defined	
with	 a	 top-hat	 or	 uniform	 concentration	 profile	 and	
not with a Gaussian distribution.



By and large, all CORMIX predictions are continuous 
from module to module, satisfying the conservation 
of mass, momentum, and energy principles. 
Occasionally, some mismatches in plume width 
can occur as a consequence of enforcing these 
principles. Most of these are barely noticeable 
with the usual plotting resolution and they can 
usually be safely ignored. Some of the mismatches 
or discontinuities can be kept to a minimum by 
specifying a large number for the grid intervals 
(see Section 4.9) to increase the resolution of the 
CORMIX prediction. This is especially useful for the 
final	simulations	on	a	particular	design	case.



In addition, when bottom attachment or bank 
interaction occurs, the plume trajectory is assumed to 
(and simulation predictions do) shift suddenly to the 
boundary. In actuality, that shift would be much more 
gradual and should be considered when interpreting 
the	results	of	the	CorVue	plots	or,	alternatively,	when	
plotting plume features by hand. 



 



C(n) = cc e -(n/b)2
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 BEGIN MOD137: TERMINAL LAYER INJECTION/UPSTREAM SPREADING                     
 
 UPSTREAM INTRUSION PROPERTIES:
        Maximum elevation of jet/plume rise     =      7.62 m
        Layer thickness in impingement region   =      1.30 m
        Upstream intrusion length               =     94.44 m
        X-position of upstream stagnation point =    -92.35 m
        Thickness in intrusion region           =      1.30 m
        Half-width at downstream end            =    197.08 m
        Thickness at downstream end             =      0.93 m
 
  Control volume inflow:
       X        Y       Z        S       C       B
      2.09    24.72    3.42    19.2 0.182E+03   2.87
 
 Profile definitions:
   BV = top-hat thickness, measured vertically
   BH = top-hat half-width, measured horizontally in Y-direction
   ZU = upper plume boundary (Z-coordinate)
   ZL = lower plume boundary (Z-coordinate)
   S  = hydrodynamic average (bulk) dilution
   C  = average (bulk) concentration (includes reaction effects, if any)
 
       X        Y       Z        S       C       BV       BH      ZU      ZL
    -92.35    24.72    3.42  9999.9 0.000E+00   0.00     0.00    3.42    3.42
    -88.49    24.72    3.42    75.9 0.461E+02   0.33    27.87    3.58    3.25
    -69.58    24.72    3.42    31.6 0.111E+03   0.79    67.70    3.81    3.02
    -50.66    24.72    3.42    24.1 0.145E+03   1.04    91.60    3.94    2.90
    -31.75    24.72    3.42    20.9 0.167E+03   1.19   110.44    4.01    2.82
    -12.84    24.72    3.42    19.5 0.179E+03   1.28   126.50    4.06    2.78
 ** REGULATORY MIXING ZONE BOUNDARY is within the Near-Field Region (NFR) **
 In this prediction interval the TOTAL plume width meets or exceeds
 the regulatory value =   120.00 m.
 This is the extent of the REGULATORY MIXING ZONE.
      6.07    24.72    3.42    19.3 0.181E+03   1.29   140.75    4.06    2.77
     24.98    24.72    3.42    22.5 0.155E+03   1.23   153.68    4.03    2.81
     43.90    24.72    3.42    27.9 0.126E+03   1.11   165.60    3.97    2.86
     62.81    24.72    3.42    32.4 0.108E+03   1.01   176.72    3.93    2.91
     81.72    24.72    3.42    34.9 0.100E+03   0.96   187.18    3.90    2.94
    100.63    24.72    3.42    36.1 0.970E+02   0.93   197.08    3.89    2.95
 Cumulative travel time =        6635.8916 sec
 
END OF MOD137: TERMINAL LAYER INJECTION/UPSTREAM SPREADING     



         



Figure 5.4 Example of Control Volume Flow Module.
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a) Submerged round 
     jet/plume cross-section 
     B = Radius 
     S = Centerline dilution = cc 



  
 co  



b) Submerged plane 
     jet/plume cross-section 
     BV = Normal width 
     BH = Lateral width 
     S = Centerline dilution = cc 



  
 co  



c) Cross - Section during buoyant 
     spreading along water surface 
     BV = Vertical width 
     BH = Lateral width 
     S = Centerline dilution = cc 



  
 co  



d) Cross - section during 
     ambient diffusion process 
     BV = Vertical width 
     BH = Lateral width 
     S = Centerline dilution = cc 



  
 co  
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Figure 5.5 Cross-sectional Distributions of CORMIX Predicted Jet/Plume Sections.
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The	 first	 of	 the	 visualization	 options,	 the	
preprocessor graphics package CorSpy, has been 
briefly	 described	 in	 Chapter 3. The preprocessor 
CorGIS	is	an	ArcView	extension	tool	to	load	USEPA	
BASINS data into the CORMIX GUI. Legacy data 
files	 created	 in	 DOS	 versions	 of	 CORMIX	 can	 be	
accessed using the CorData data import tool.



The CORMIX system contains several subsystems 
in pre- and  post-processor tools, which may be 
accessed directly from within the main GUI, or may  
be used independently. In either case, these options 
provide additional enhancements to CORMIX 
in	 terms	 of	 input	 data	 specification,	 mixing	 zone	
visualization, documentation, detailed computation 
of	 near-	 and	 far-field	 plume	 features,	 sensitivity	
analysis, and model validation.



Figure 6.1 CorSpy visualization of a fanned alternating multiport diffuser with 8 risers and 2 
ports per riser: a) 3D oblique view;  b) side view from right;  c) plan view;   
d) side view facing downstream 



Chapter 6
CORMIX Pre- and Postprocessor Tools
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The	postprocessor	tools	available	are	as	follows:	



•	 CorJet,	 the	 Cornell	 Buoyant	 Jet	 Integral	 Model	
for	 the	 detailed	 analysis	 of	 the	 near-field	
behavior of buoyant jets (25,26).



•	 FFL	is	the	Far-Field	Plume	Locator	and	used	for	
the	 far-field	 delineation	 of	 discharge	 plumes	 in	
non-uniform river or estuary environments;.



•	 CorVue	 an	 interactive	 3D	 visualization	 tool	 for	
displaying mixing zone and plume properties.



•	 CorSens	 tool	 for	 automatically	 creating	 a	
series of CORMIX cases to address sensitivity 
of CORMIX predictions to typical changes in 
ambient and discharge parameters used in 
sensitivity analysis.



•	 CorVal	 a	 web-based	 service	 which	 allow	 users	
to connect to a database of mixing experiment 
data to address CORMIX model performance for 
specific	mixing	cases.



•	 Benchmarks	 are	 a	 web-based	 database	
of hydrodynamic mixing experiments for 
comparison	 of	 CORMIX	 near-field	 predictions	
with experimental results.



6.1 CorSpy: Outfall 
Visualization tool



6.1.1  General Features
CorSpy is an interactive 3D visualization tool for 
displaying outfall properties. Emphasis is placed 
on port geometry, boundaries, the x-y-z coordinate 
system, and origin (9,14). In addition to 3D images, 
plan and side views are also available as shown in 
the visualization example in Figure 6.1. All major 
discharge	 configurations	 modeled	 by	 CORMIX	
including single port, unidirectional multiport, 
alternating multiport, staged multiport, and surface 
discharges can be rendered in CorSpy. The CorSpy 



Figure 6.2 The diffuser setting form within CorSpy for input of diffuser geometry. Default 
examples for the source types (single port, multiport, and shoreline) are included. 
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GUI to modify outfall visualization parameters 
appears in Figure 6.2.



Outfall geometry data entered in the main 
CORMIX GUI can be passed directly to CorSpy for 
visualization. In this way, the user can check to see 
if	 the	 diffuser	 specified	 in	CORMIX	 has	 the	 correct	
orientation and geometry. Also CorSpy can be used 
independently to create a 3-D diffuser model and 
then	 transfer	 the	models’s	 outfall	 specification	 data	
back into CORMIX Discharge Data GUI tab for 
subsequent mixing zone analysis.



CorSpy has the capability to present much more 
geometric detail than needed for a mixing zone 
simulation within CORMIX. For example, riser 
diameter is not needed within CORMIX but can 
be	 specified	 in	 CorSpy.	 Default	 values	 are	 used	
in CorSpy when no data is available to create 
visualization models. These default values can be 
altered within the CorSpy GUI.



CorSpy can be helpful in calculating outfall geometry 
for CORMIX data entry. For example in multiport 
diffusers, distance to the center of the diffuser line 
can	 be	 specified	 and	 the	 distances	 to	 the	 nearest	
bank, YB1 and YB2, can be calculated as a function 
of the diffuser alignment angle γ (GAMMA)



The Online User Guide in the Help drop-down menu 
in CorSpy has additional details system features, 
tool bar controls, and hints for use.



6.2 CorData:  
DOS Data Import Tool



CorData is a tool that imports data from legacy 
versions of CORMIX.  CorData loads data from the 
“fn.CXC”	 file	 stored	 by	 DOS	 versions	 of	 CORMIX.	
CorData generally will not load all for the data 
needed for a simulation; however it should recover 
about 90% of the data needed to re-run an existing 
simulation. A previous version session report or 
prediction	 file	 will	 be	 needed	 to	 complete	 the	 data	
input process.



6.3 CorGIS BASINS  
ArcView Utility



BASINS is a USEPA-supported Geographic 
Information Systems (GIS) tool for water quality 
management		using	ArcView	as	the	spatial	database	
platform (50).	CorGIS	in	an	ArcView	extension	which	
will allow CORMIX to capture input  parameters 
from BASINS 3.0 data layers (14). Users can use 
ArcView		tools	within	BASINS	to	select	discharge	and	
stream reaches and discharge locations geographically 
from	 a	 BASINS	map.	 The	 BASINS	 	 Reach	 File	 V1	
and Permit Compliance System (PCS) themes have 
data applicable in CORMIX simulations. This data 
includes	 average	 ambient	 depth,	 ambient	 flowrate,	
ambient water temperature, Manning’s n value, and 
discharge	flowrate.	The	online	User	Guide	has	more	
detailed information and step-by-step instruction on 
implementation of the CorGIS tool.



6.4 CorJet: The Cornell 
Buoyant Jet Integral Model
6.4.1  General Features
CorJet is a Fortran model that solves the three-
dimensional jet integral equations for submerged 
buoyant jets — a single round jet or interacting 
multiple jets in a multiport diffuser — in a highly 
arbitrary	 ambient	 environment.	 The	 ambient/
discharge conditions include an arbitrary discharge 
direction, positive, neutral, or negative discharge 
buoyancy, an arbitrary stable density distribution, 
and a non-uniform ambient velocity distribution with 
magnitude and direction as a function of vertical 
position (25,26). 



Figure 6.3 displays these general characteristics 
for the case of a single port. In case of the multiport 
diffuser,	 all	 the	 discharge	 port/nozzles	 point	 in	 the	
same direction (unidirectional or staged design) 
and the diffuser line can have an arbitrary alignment 
angle	 relative	 to	 the	ambient	 current	 (for	definitions	
see Section 4.5.2).



The detailed theoretical basis for CorJet can be 
found in the documentation report (8) on recent 
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CORMIX system enhancements. CorJet is a type 
of a jet integral model whose original development 
in a two-dimensional framework and for a round jet 
only	 was	 first	 reported	 in	 peer-reviewed	 literature	
by Jirka and Fong (30).	Detailed	verification	studies	
with various experimental data sources have been 
reported (25,26).



In jet integral models the hydrodynamic equations 
governing the conservation of mass and momentum, 
and of other quantities such as pollutant mass, 
density	 deficit,	 temperature,	 and/or	 salinity,	 are	
solved step-wise along the general curved jet 
trajectory (39). The solution yields values of the 
trajectory position itself and of the centerline 
concentrations of these quantities, while the actual 
cross-sectional	 distribution	 is	 fixed	 a	 priori	 (mostly	
as a Gaussian distribution) in these models. Several 
dozen such model developments have been reported 
in literature over the last forty years of research on 



these mixing phenomena (8,38,39). Most of these 
developments	differ	in	two	ways:



 1. The degree of simplifying assumptions on the 
ambient/discharge	 characteristics	 (e.g.	 two-
dimensional trajectories or uniform ambient 
conditions only), and 



2. The type of closure made to specify the turbulent 
growth and entrainment behavior in these jets 
under a variety of forcing conditions. 



Thus, some of these models can be demonstrated   
to be unduly limited for practical applications, and 
others  clearly invalid in certain limiting regimes of 
plume behavior.



Whenever a jet integral model is reasonably general 
in its formulation and has been validated through 
experimental data comparison under a number of 
conditions it can be considered a useful prediction 
tool	 for	 near-field	 plume	 analysis.	 For	 practical	
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Figure 6.3 Case of a single round jet: general three-dimensional trajectory of submerged 
buoyant jet in ambient flow with arbitrary density and velocity distribution.
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purposes, all the models that meet the above 
conditions differ little in their prediction results. The 
deviation among model results is usually less than 
the scatter in experimental data that is used for 
their	 verification.	This	 holds	 true	 also	 for	CorJet	 as	
well as another jet integral model, PLUMES (5), 
that has current USEPA support and distribution. 
CorJet and PLUMES, although they differ in their 
internal formulation and closure assumptions, have 
a	 wide	 generality	 in	 discharge/ambient	 conditions	
and	 a	 reasonable	 verification	 base	 for	 a	 variety	 of	
conditions. Jet integral models can simulate the 
following:



•	 Three-dimensional	 trajectories,	 with	 positive,	
neutral or negative discharge buoyancy.



•	 Conditions	 of	 reversible	 buoyancy,	 i.e.	 the	 so-
called nascent conditions in freshwater systems 
due to the density maximum at 4oC, requiring 
use of the full non-linear equation of state.



•	 First-order	pollutant	decay.



•	 Variable	stable	ambient	density.	



•	 Sheared	non-uniform	ambient	currents.



•	 Merging	of	multiple	port	diffuser	plumes.	



Three specialized features that PLUMES models 
cannot	simulate	but	are	available	in	CorJet	are:



•	 Variable	current	direction	at	different	levels.



•	 Arbitrary	diffuser	alignments	(with	the	extreme	of	
a fully parallel alignment, γ = 0o in Figure 4.6).



•	 Applications	 to	 atmospheric	 plumes	 (using	 the	
concept of potential temperature and density).



Jet integral models, such as CorJet and PLUMES, 
appear	 as	 useful	 and	 efficient	 tools	 for	 the	 rapid	
analysis	 of	 the	 near-field	 mixing	 of	 aqueous	
discharges. They require fairly little input data and 
are	 numerically	 efficient.	 However,	 their	 inherent	
limitations must be kept in mind. 



All jet integral models, including CorJet, assume an 
infinite receiving water body, without any boundary 
effects due to limiting dimensions vertically (surface, 
bottom, or pycnocline) or laterally (banks or shore). 
Thus, they do not deal with such hydrodynamic 



effects as jet wake or Coanda attachment and near-
field	instabilities	that	are	prevalent	in	many	aqueous	
discharge plumes as emphasized in Section 2.1.1. 
Furthermore,	they	are	near-field	models	only	and	do	
not give predictions on what happens to the entire 
mixing zone that may often cover larger distances 
(see Section 2.2.5).



In summary, jet integral models if used alone and by 
an inexperienced analyst are not a safe methodology 
for mixing zone analysis. They become safe only 
when used in conjunction with a more comprehensive 
analysis using the full CORMIX system. Therefore, 
in case of engineering design applications, CorJet 
should be employed after prior use of the expert 
system CORMIX has indicated that the buoyant 
jet will not experience any instabilities due to 
shallow water or attachment to boundaries.



In fact, the CORMIX system has built in several 
safeguards and warning statements to the user as 
explained below. When used in that context, CorJet 
becomes a highly useful addition to the CORMIX 
system that can provide considerable detail and 
sensitivity	analysis	in	the	immediate	near-field	of	the	
discharge plume.



6.4.2  Access to CorJet
CorJet, like the other postprocessor options such as 
the graphics system (Section 6.6), can be accessed 
in	two	different	ways:



1. Within CORMIX upon completion of a simulation 
prediction by selecting the CorJet option from 
the Post-Processing menu. Select “Run CorJet 
on this successfully completed simulation” 
button. The data from the current simulation is 
then	executed	by	CorJet	for	stable	flow	classes.		
If	CORMIX	flow	classification	is	unstable,	then	a	
warning message is issued and CorJet will not 
be executed.



2. Accessed outside CORMIX by selecting the 
CorJet option from the postprocessing menu. 
The user can then select to create a new input 
data	 file	 or	 run	 an	 existing	 CorJet	 file.	 In	 this	
case, no boundary interaction information 
is available to CorJet. It will execute despite 
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Table 6.1  Checklist for CorJet Data Entry



File Name: Date: 
Prepared by:



Label:



Fluid/Density:



Fluid:	 1	(water) 
 2 (air)



Density	Specification:	 1	(via	temp./sal.) 
   2 (direct)



Number	of	ambient	levels:	
  (0 - 10)



Ambient Data: 



Level No. Elevation (m) Temp. (oC) Salinity (ppt) Density 
(kg/m3) Velocity	(m/s) Angle of 



Velocity	(deg)



Discharge Conditions:



Number	of	openings: 
(=1 for single port s.p.)



Port 
diameter (m)



Height above 
origin (m)



Exit velocity 
(m/s)



Vertical	
angle (deg)



Horizontal 
angle (deg)



Discharge 
concentr. 
(any units)



Coefficient	of	
decay		(/s)



Discharge 
temp. (oC)



Discharge 
salinity (ppt)



Discharge 
density  
(kg/m3)



Diffuser 
length (m) 
(=0. if s.p.)



Alignment 
angle (deg) 
(=0. if s.p.)



Program Control:



Max. vertical  
distance	(m):



Min. vertical  
distance	(m):



Max. distance along 
trajectory	(m):



Print intervals 
(best	5	to	10):
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possible limitations in regards to its applicability 
as previously discussed.



6.4.3  CorJet Input Data File 
This section applies only if CorJet is run 
independently from the CORMIX system as 
discussed above. The checklist given in Table 6.1 is 
useful for data assembly prior to input data entry.



The CorJet GUI is shown in Figure 6.4 contains a 
Project tab, Ambient tab, and Discharge tab. The 
CorJet Ambient and Discharge tabs are shown 
in Figures 6.5 and 6.6, respectively. For user 
convenience	it	is	recommended	that	all	such	files	be	
kept in the default directory CORMIX 5.0\POST\CJ.



Note: On	 density	 specification	 there	 is	 mutual	
exclusivity for the indirect or direct density 
specification	as	 listed	above.	Up	 to	 10	ambient	
levels	 can	 be	 specified	 for	 density	 and	 velocity	
distribution.	 This	 is	 sufficient	 to	 replicate	
complicated	 observed	 ambient	 profiles.	 CorJet	
performs internal consistency checks to test 
whether	 the	 specified	 density	 distribution	 is	
statically stable.



The coordinate system in CorJet can, in principle, 
be taken as consistent with the CORMIX1 and 2 
conventions (Section 5.2.1), i.e. with the origin 
at the bottom of the receiving water body. This 
convention is exercised whenever CorJet is run from 
within CORMIX. However, since CorJet does not 
recognize the dynamic effect of the presence of the 
actual bottom boundary it is often convenient to set 
the origin at the center of the discharge port. In that 



Figure 6.4 CorJet Graphical User Interface (GUI) with the Project tab active. Accessed as a 
post-processor, CorJet creates and runs data sets independently of the CORMIX 
system.
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Figure 6.5 CorJet Ambient  Data Specification Tab.



case, the port height H0 must be entered as 0.0. x 
points horizontally in the downstream direction, y 
points laterally across in the horizontal plane, and 
z points vertically upward. In the rare case when 
ambient velocity distribution is skewed in the vertical, 
the	 definition	 of	 the	 x	 direction	 is	 best	 made	 by	
the direction of the ambient velocity at the level of 
origin (then TAUA is 0.0 at that level), but any other 
convention is possible and can be implemented by 
the choice of the TAUA value at the level of origin.



The CORMIX system contains upon its installation 
several CorJet case studies (Appendix E) that are 
installed	as	CORMIX	5.0\POST\CJ\case*.inp.	



6.4.4  CorJet Output Features
Regardless of the access mode (within or outside 
of CORMIX) CorJet has two output mechanisms, 
a	 numerical	 output	 file	 and	 a	 graphical	 display	
by	 means	 of	 CorVue.	 The	 CorVue	 for	 CorJet	



Visualization	 option	 from	 the	 Postprocessing	 drop-
down	menu	will	visualize	CorJet	prediction	files.



1. CorJet Output File: 
1.1	Use	within	CORMIX:



The	output	file	gets	stored	in	the	current	default	
directory as filename.out using the same  
filename	 that	 has	 been	 specified	 during	 the	
CORMIX	data	entry.	This	file	can	be	viewed	on-
screen, printed, or saved within CorJet.



A	 typical	 CorJet	 output	 file	 generated	 in	
this access mode is shown in Table 6.2  
corresponding to the input example presented 
in  Appendix B case study. The header 
information	starts	with	banner	 ‘JJJ’	 then	echoes	
all the pertinent data that had been supplied to 
CORMIX and used for CorJet simulation. The 
underlying	 CORMIX1	 or	 CORMIX2	 flow	 class	
is included. If one of the unstable or bottom-
attaching	 flow	 classes	 is	 encountered	 in	 this	
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Figure 6.6 CorJet Discharge Data Specification Tab.



access mode, CorJet will not provide any 
predictions since a pure jet integral model would 
not be applicable. 



The tabular listing (see Table 6.2) gives plume 
values along the trajectory. CorJet will cut off at 
a vertical level ZMAX that is equal to the water 
depth at discharge or ZMIN = 0.0 (for negatively 
buoyant cases) equal to the water body bottom. 
In neither case does it compute the actual 
boundary approach or impingement processes 
(as does the more complete CORMIX model in 
which some CorJet elements are integrated). 
The interpretation of data values in this tabular 
listing is consistent with that for CORMIX1 or 
CORMIX2 (see Section 5.2.2).



The main usefulness of CorJet when run in this 
mode lies in the short and separate display of 
the	 near-field	 buoyant	 jet	 only.	 In	 some	 cases,	
the pertinent regulatory constraints may be 
limited to that region.



1.2	Use	outside	of	CORMIX:



The	output	file	gets	stored	as	filename.out in the 
same	directory	 for	which	 the	user	had	specified	
the	input	file	(see	Section 6.4.3).	This	file	can	be	
viewed on-screen or printed.



The	CorJet	output	file	corresponding	to	the	input	
CASE2.inp is listed in Table 6.3. The lead-in 
data provides an echo of the input data and lists 
the calculated length scale and non-dimensional 
numbers controlling the mixing process.



The actual tabular listing of the numerical output 
is divided in two halves by a vertical line. The 
left half lists data exactly in the same fashion 
as	 a	 CORMIX1	 or	 CORMIX2	 prediction	 file	
(see Section 5.2.2). The right half of the x-y-z 
trajectory predictions shown in Table 6.3 gives 
additional detailed information on the variables 
listed in Table 6.4.
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Table 6.2  Example of CorJet Output File When Accessed Within CORMIX.



CORJET PREDICTION FILE
                     CORJET BUOYANT JET INTEGRAL MODEL
                          Version 5.0.0.0 March 2007
------------------------------------------------------------------------------
FILE NAME:         C:\Program Files\CORMIX 5.0\Sample Files\Sample1.CJX   
  Label/identifier: Summer Stratified                                      
  Time stamp:       Mon Mar 12 15:37:38 2007
NEAR-FIELD DATA values for earlier CORMIX1  prediction (metric):
  Site name/label:  A-Plant Deep Reservoir                                 
  Design case:      Summer Stratified                                      
  FILE NAME:        C:\Program Files\CORMIX 5.0\Sample Files\Sample1.prd   
  Time of CORMIX run:     03/12/2007--15:37:37                    
  HD    =     30.50  UA    =      0.02  CUNITS= ppb                             
  STRCND=   C        density stratified environment
  RHOAS =    996.21  RHOAB =    999.61  HINT  =     15.50  DRHOJ =     2.181
  FLOCLS=   S3        
Corresponding CORJET ambient conditions:
  LEV= 1 ZA=  0.00 RHOA=  999.61 UA=  0.02 TAU=  0.00
  LEV= 2 ZA= 14.75 RHOA=  998.39 UA=  0.02 TAU=  0.00
  LEV= 3 ZA= 16.25 RHOA=  996.21 UA=  0.02 TAU=  0.00
  LEV= 4 ZA= 30.50 RHOA=  996.21 UA=  0.02 TAU=  0.00
Pycnocline thickness has been set to 1/10 of upper layer thickness.
Discharge conditions (metric):  SINGLE PORT
  D0=   0.254    H0=   0.60  U0=    3.02    THETA0=  10.00 SIGMA0=  90.00
  C0= 0.35E+04   KD=0.00E+00 RHO0=  998.21
Program control: ZMAX=   30.50  ZMIN=    0.00  DISMAX= 1525.00  NPRINT=   10
Flux variables (based on ambient at discharge level):
  Q0    = 0.153E+00  M0    = 0.462E+00  J0    = 0.203E-02  GP0   = 0.133E-01
Length scales (m) and parameters: 
  LQ    =      0.23  LM    =     12.44  Lm    =     45.31  Lb    =    601.51
  Lmp   =      4.88  Lbp   =      3.06
  FR0   =     52.01  R     =    201.30
Zone of flow establishment (m): 
  LE    =      1.25  XE    =      0.00  YE    =      1.23  ZE    =      0.82
  THETAE=     10.00  SIGMAE=     89.88  GAMMAE=     89.88
  ----------------------------------------------------------------------------
 CORJET PREDICTION:             Stepsize =   0.2251  Printout every  10 steps
  Single jet/plume:
 X      Y      Z     Sc       Cc      B  |   DIST    Save    Gpc     Flc   Uc
0.00   0.00   0.60   1.0 0.350E+04   0.13|   0.00    1.0 0.13E-01   52.01 3.019
0.00   1.23   0.82   1.0 0.350E+04   0.13|   1.25    1.4 0.16E-01   95.03 3.019
0.02   3.45   1.22   2.5 0.142E+04   0.37|   3.50    4.2 0.50E-02   33.42 1.448
0.07   5.65   1.65   4.1 0.852E+03   0.62|   5.75    7.0 0.25E-02   21.98 0.873
0.16   7.85   2.13   5.8 0.607E+03   0.87|   8.00    9.8 0.12E-02   19.01 0.624
0.28  10.04   2.65   7.4 0.471E+03   1.12|   10.25   12.6 0.32E-03  25.47 0.486
0.36  11.13   2.92    8.3 0.423E+03  1.25|   11.38   14.0 -.59E-04  50.77 0.436
  Level of buoyancy reversal in stratified ambient.
    FNlocal =    12.28180    
0.44  12.22   3.19   9.1 0.384E+03    1.37|   12.50   15.4 -.40E-03  16.80 0.396
0.63  14.41   3.68   10.8 0.325E+03   1.63|   14.76   18.2 -.97E-03   8.35 0.332
0.87  16.61   4.06   12.4 0.282E+03   1.89|   17.01   21.0 -.13E-02   5.69 0.284
1.14  18.84   4.20   14.1 0.248E+03   2.15|   19.26   23.8 -.13E-02   4.61 0.248
1.17  19.06   4.20   14.3 0.245E+03   2.17|   19.48   24.1 -.13E-02   4.56 0.245
  Maximum jet height has been reached.
1.46  21.06   4.05   15.9 0.220E+03   2.41|   21.51   26.8 -.99E-03   4.54 0.221
1.82  23.24   3.63   17.8 0.196E+03   2.67|   23.76   30.1 -.33E-03   6.71 0.200
2.02  24.32   3.37  18.8 0.186E+03    2.80|   24.89   31.6 0.32E-04  20.24 0.191
  Terminal level in stratified ambient has been reached.      PROGRAM STOPS!
  FNlocal =    2.388082    
 -------------------------------------------------------------------------------
 END OF CORJET PREDICTION:          Total number of integration steps =   106
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Table 6.3  Example of CorJet Output File Not Run From Within CORMIX.



CORJET PREDICTION FILE
                     CORJET BUOYANT JET INTEGRAL MODEL
                          Version 5.0.0.0 March 2007
----------------------------------------------------------------------------
 FILE NAME:         C:\Program Files\CORMIX 5.0\Post\CJ\CASE2.OUT          
  Label/identifier: Case2: SINGLE PORT, STRATIFIED, VARIABLE CURRENT       
  Time stamp:       Mon Mar 12 15:43:47 2007
 
Ambient conditions:      No. of levels= 3   Fluid= Water   Density option= 1
LEV= 1 ZA=   0.00 TA=  12.00 SA=  30.00 RHOA= 1022.71 UA=   0.50 TAU=   0.00
LEV= 2 ZA=   5.00 TA=  15.00 SA=  29.50 RHOA= 1021.74 UA=   0.80 TAU=   0.00
LEV= 3 ZA=  15.00 TA=  20.00 SA=  28.00 RHOA= 1019.43 UA=   1.20 TAU=   0.00
Discharge conditions (metric):  SINGLE PORT
  D0=   0.500    HO=   0.00   U0=    3.00    THETA0=  45.00  SIGMA0=  45.00
  C0= 0.10E+03   KD= 0.00E+00 T0=    30.00   S0=        0.00 RHO0=   995.65
Program control:
  ZMAX=   30.00  ZMIN=    0.00  DISMAX=  200.00  NPRINT=   10
Flux variables (based on ambient at discharge level):
  Q0    = 0.589E+00  M0    = 0.177E+01  J0    = 0.153E+00  GP0   = 0.259E+00
  QT0   = 0.106E+02  QS0   =-0.177E+02
Length scales (m) and parameters: 
  LQ    =      0.44  LM    =      3.92  Lm    =      2.66  Lb    =      1.22
  Lmp   =      5.61  Lbp   =      6.71
  FR0   =      8.33  R     =      6.00
Zone of flow establishment (m): 
  LE    =      1.30  XE    =      0.68  YE    =      0.64  ZE    =      0.90
  THETAE=     43.03  SIGMAE=     41.31  GAMMAE=     56.69
  
----------------------------------------------------------------------------
 CORJET PREDICTION:         Stepsize =   0.2659  Printout every  10 steps
  Single jet/plume:
X      Y      Z      Sc       Cc       B  |  DIST    Save    Gpc    dTc dSALc
0.00   0.00   0.00   1.0 0.100E+03    0.25|   0.00    1.0 0.26E+00  18.-30.0
0.68   0.64   0.90   1.0 0.100E+03    0.25|   1.30    1.4 0.27E+00  20.-34.8
2.61   1.60   2.43   3.3 0.306E+02    0.68|   3.96    4.9 0.76E-01   4. -9.1
5.01   2.08   3.44   6.4 0.157E+02    1.01|   6.62    9.2 0.37E-01   1. -4.5
7.54   2.34   4.21   9.4 0.106E+02    1.24|   9.28   13.4 0.23E-01   0. -3.0
10.12   2.51   4.86  12.4 0.805E+01   1.42|  11.93   17.4 0.16E-01  -0. -2.2
12.71   2.63   5.42  15.2 0.656E+01   1.57|  14.59   21.2 0.12E-01  -0. -1.7
15.32   2.72   5.92  17.9 0.557E+01   1.69|  17.25   24.9 0.85E-02  -0. -1.3
17.94   2.80   6.37  20.7 0.483E+01   1.81|  19.91   28.6 0.61E-02  -0. -1.1
20.57   2.85   6.78  23.5 0.425E+01   1.92|  22.57   32.4 0.42E-02  -1. -0.9
23.20   2.90   7.14  26.4 0.379E+01   2.02|  25.23   36.2 0.28E-02  -1. -0.7
25.84   2.94   7.47  29.2 0.343E+01   2.12|  27.89   40.1 0.16E-02  -1. -0.6
28.48   2.98   7.76  32.0 0.312E+01   2.21|  30.55   43.9 0.61E-03  -1. -0.5
30.60   3.00   7.97  34.2 0.292E+01   2.28|  32.67   46.9 -.39E-04  -1. -0.4
  Terminal level in stratified ambient has been reached.      PROGRAM STOPS!
    FNlocal =   -1.259093    
 -------------------------------------------------------------------------------
 END OF CORJET PREDICTION:          Total number of integration steps =   119
 
 Note: CORJET has been used outside the CORMIX system, assuming unlimited
       receiving water.  Carefully examine all results for possible boundary
       effects due to surface, bottom, or lateral boundaries!
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Table 6.4 CorJet Output Variable Definitions



Variable CorJet Output Definition



Dist distance (m) along the jet trajectory



Save average	(bulk)	dilution,	defined	on	the	basis	of	total	volume	flux	within	the	jet	relative	to	the	
initial	volume	flux	(discharge)



Gpc centerline	buoyant	acceleration	(m/s2)



dTc centerline temperature difference relative to local ambient temperature (oC) (if IDENOP = 1)



dSALc centerline salinity difference relative to local ambient salinity (ppt) (if IDENOP = 1)



Flc local densimetric Froude number (if IDENOP = 2)



In this mode CorJet becomes an important 
engineering tool for design sensitivity analysis - 
and  for research purposes- to evaluate the behavior 
of	 the	near-field	processes	 to	some	of	 the	ambient/
discharge	details,	some	of	which	had	to	be	simplified	
(schematized) within the CORMIX approach. The 
user can learn to understand through repeated use 
of CorJet that plume mixing can often be represented 
by simple linear, or even uniform, approximations to 
the ambient density structure.



Again, it is emphasized that CorJet when used alone 
is not a safe prediction methodology because of the 
limiting	 assumption	 of	 infinite	 receiving	 water.	 For	
that reason, an alert is printed at the end of each 
CorJet	output	file.



Note:	 CORJET	 has	 been	 used	 outside	 the	
CORMIX system, assuming unlimited receiving 
water. Carefully examine all results for possible 
boundary effects due to surface, bottom, or 
lateral boundaries.



Previous application of CORMIX assures that 
a careful examination of the interaction of the 
discharge with boundaries has been accomplished.



2. Graphics display and plotting of CorJet 
results:



The graphical display and plotting of the CorJet 
prediction	results	by	means	of	CorVue	for	CorJet	
is similar to that of CORMIX results described in 
Section 5.3. 



The	 graphics	 package	 can	 be	 invoked	 for	 files	
created outside of CORMIX immediately after 
computation or independently on any existing 
CorJet	 output	 file	 computed	 earlier.	 	 CorVue for 
CorJet has been configured to deal only with 
CorJet output files created outside of CORMIX. 
To	 visualize	CorJet	 output	 files	 created	 from	 inside	
CORMIX,	 simply	 view	 the	 near-field	 details	 of	 the	
corresponding CORMIX filename.prd	file.



6.5 FFL: The Far-Field Plume 
Locator



CORMIX schematization of ambient cross-section 
data	assumes	a	uniform	far-field	velocity	distribution.	
The FFL allows users to enter actual cross-section 
data to account for non-uniform velocity distributions 
in bounded riverine environments.
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Figure 6.7 Illustration of cumulative discharge method for translating the CORMIX predicted far-
field plume to the actual flow characteristics in winding irregular rivers or estuaries.
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q(yI) =     ua(y
I) H(yI) dyI



0



yI



6.5.1  General Features
Although the main emphasis of CORMIX is on the 
near-field	 mixing	 behavior	 of	 discharges,	 it	 can	
also be used for providing plume predictions at 
larger	 distances	 in	 the	 far-field	 provided	 the	 flow	 is	
not highly irregular with pronounced recirculating 
zones	and	eddies	in	the	ambient	flow.		The	CORMIX	
predicted	 far-field	 always	 applies	 to	 a	 rectangular	
schematized cross-section with a straight uniform 
channel (see Section 4.4). The FFL is a simple 
method for interpreting the schematized CORMIX 
far-field	 plumes	 within	 the	 actual	 flow	 patterns	 in	
natural rivers and estuaries. This procedure, based 
on the cumulative discharge method, is illustrated in 
Figure 6.7.



The	 cumulative	 discharge	 method,	 first	 proposed	
by Yotsukura and Sayre (59; see also 19,21), is a 
convenient approach of dealing with lateral mixing 
in natural irregular (but not highly irregular with 
recirculating zones) channels. In such channel 
geometry	 the	 passive	 far-field	 plume	 that	 is	
vertically mixed or approaches vertical mixing will be 
positioned around the “streamline”, or more precisely 
the “cumulative discharge line”, that passes through 
the	plume	center	when	it	enters	the	far-field.	Lateral	
spreading around this line occurs by lateral turbulent 
diffusion and can enhance buoyancy induced 
processes.



Looking downstream at a particular cross-section 
(see Figure 6.7a) the cumulative discharge q(y) is 
defined	as:	



where y’ is the lateral coordinate pointing from the 
right	bank	 to	 the	 left	across	 the	flow	(y’ differs from 
y	 as	 defined	 in	 CORMIX	 whose	 origin	 is	 at	 the	
discharge location), H is the local depth, and ua is 
the depth-averaged local velocity. When the above 
equation is integrated across the full channel width 
BS then the total discharge will result Qa = q(BS). 
Hence, if the local values q(y’) are divided by Qa 
the results can be presented in normalized form 



as the cumulative discharge lines. Cumulative 
discharge q(y’) ranges from 0% at the right bank to 
100% at the left bank. The full distribution of such 
cumulative discharge lines in a river or estuary 
gives	an	appearance	of	the	overall	flow	pattern	that	
is important for pollutant transport. Closely spaced 
discharge lines are indicative of areas of large depth 
and higher velocities as they occur in the outside 
portion of river bends or meanders (as sketched in 
Figure 6.7a). 



In	 the	 CORMIX	 schematization	 of	 ambient	 flow	
characteristics and channel cross-section it is useful 
to keep in mind the cumulative transport aspects of 
the	 ambient	 flow	as	 remarked	 in	Section 4.4.1 and 
4.4.2.	 Thus,	 the	 uniform	 CORMIX	 flow	 field	 with	
the constant depth laterally is indeed conforming 
to a cumulative discharge distribution with equally 
spaced discharge lines, as indicated in Figure 6.7b. 
It is then conceptually straightforward to translate 
the CORMIX plume prediction back to the actual 
flow	distribution	by	calculating	and	plotting	the	plume	
boundaries within the given cumulative discharge 
lines as shown in Figure 6.7c. The actual plume 
pattern may then show some surprising features 
such as strong “shifting back and forth” between 
opposing banks and an apparent “thinning’ of the 
plume width. These realistic plume features are 
simply	dictated	by	the	non-uniform	flow	field.



6.5.2  Access to FFL
FFL can be accessed within CORMIX by selecting 
the FFL option from the Post-processing drop down 
menu. The FFL Graphical User Interface (GUI) is 
shown in Figure 6.8. Up to 10 downstream cross 
sections	 can	 be	 specified.	Once the FFL option is 
chosen, the user must specify an existing cross-
section	FFL	data	input	file	(filename.ffi)	or	create	and	
save a new one. When the FFL program is executed, 
the FFL will default to process the current CORMIX 
prediction	file.



6.5.3  FFL Cumulative Discharge 
Input Data File



In general, it is more convenient to construct the  
FFL before the CORMIX simulation and save it in 











 93



CORMIX Pre- and Postprocessor Tools Chapter 6



the CORMIX 5.0\POST\FF directory. Consistency 
checks	 are	 performed	 on	 each	 data	 file	 to	 ensure	
that the entered values of lateral distance from 
right hand bank to cumulative discharge (YCD) 
are monotonically increasing. Essentially two 
methods can be used for obtaining the values for 
the	 cumulative	 discharge	 positions	 YCD	 in	 specific	
cases:



1. On the basis of detailed stream-gaging 
surveys, for example using the standard 
methods employed by the U.S. Geological 
Survey. This is the preferable approach for small 
to medium streams or rivers.



2. Using the results of detailed numerical models 
for	flow	distribution	in	open	channel	flow.	This	is	
preferable for larger rivers or estuaries. 



Often	 Acoustic	 Doppler	 Current	 Profile	 (ADCP)	
equipment and software will generate cumulative 
discharge values in output reports. The primary 
application for FFL is for bounded channels such 
as streams, rivers or estuaries. The model will not 
execute	 when	 it	 encounters	 a	 CORMIX	 file	 for	 a	
design	case	involving	an	unbounded	ambient	flow.



Nevertheless, it may sometimes be useful to provide 
a	detailed	far-field	plume	delineation	for	unbounded 
flow situations, such as coastal areas or lakes. 
This can be done when detailed hydrographic data 
or	 numerical	 model	 predictions	 describing	 the	 flow	
distribution in the near-shore where the plume may 
be located are available. A CORMIX simulation can 
be re-run specifying a “bounded channel” with a width 
equal to some arbitrary bounding offshore streamline. 
YCD	data	can	then	be	specified	relative	to	 the	value	
of that chosen streamline. FFL will thus predict the 
far-field	 plume	 location	 in	 the	 irregular	 coastal	 zone	
(assuming recirculating eddies do not exist in the 
flow).



6.5.4  FFL Output Features
FFL	 generates	 an	 output	 file	 CORMIX	 5.0\POST\
FF\filename.FFX	 indicating	 that	 the	 far-field	 plume	
prediction for the CORMIX design case fn has been 
interpreted	under	the	actual	far-field	flow	distribution.	
This	file	can	be	inspected	on	screen,	saved,	or	printed.	



However,	no	graphic	plotting	options	exist	for	this	file.



As	an	example,	Table	6.5	shows	the	output	file	that	
combines the cumulative discharge input data shown 
in Figure 6.8 with CORMIX2 plume predictions that 
are part of Appendix C.	 The	 output	 file	 preceded	
by	 the	 banner	 ‘FFF’	 consists	 of	 three	 parts.	 The	
first	part	 lists	some	of	 the	underlying	CORMIX	data	
including	 file	 information.	 The	 second	 part	 echoes	
the	 complete	 cumulative	 discharge	 input	 data	 file.	
The third part provides the actual results of the FFL 
translation routine.



For	 each	 of	 the	 specified	 cross	 sections	 (stations)	
the	output	file	lists	the	station	label,	the	downstream	
distance, the position of plume center, left and 
right edges, respectively each measured from the 
right bank, and the local centerline dilution and 
concentration. This data then can readily be used 
to	 prepare	 plots	 of	 far-field	 plumes	 superimposed	
on	 maps	 of	 the	 actual	 flow	 field.	 This	 last	 step	 is	
illustrated in Figure 6.7c. 



It should be understood that the plume centerline in 
the	 far-field	 does	 not	 necessarily	 coincide	 with	 the	
cumulative discharge line that passes through the 
offshore discharge location (as has been illustrated 
in	Figure	6.7	where	a	coflowing	discharge	had	been	
assumed). The plume centerline can shift because 
of	 near-field	 processes,	 as	 in	 the	 case	 of	 a	 cross-
flowing	discharge,	or	if	bank	interaction	occurs	in	the	
far-field,	causing	the	centerline	to	shift	 to	one	bank/
shore. 



6.6 CorVue: Mixing Zone 
Visualization



CorVue	 is	 a	 visualization	 tool	 for	 graphic	 display	
of	 CORMIX	 and	 prediction	 files,	 while	 CorVue	 for	
CorJet processes CorJet simulations (9, 14). Each 
tool has similar features as described below and 
can be invoked from the Postprocessing drop-down 
menu in CORMIX.
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Table 6.5 Example of FFL Output File. 



 FFL RESULTS FILE:
 FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
 FFL:  FAR-FIELD PLUME LOCATOR             Version 3.0.0.0, March 2007
 ----------------------------------------------------------------------------
 
 Far-field data values from CORMIX2 prediction:
  
 FILE NAME:    C:\Program Files\CORMIX 5.0\Sample Files\Sample2.prd   
 Site Name:    B-Plant Shallow River                                  
 Design Case:  Low FLow /Q10                                          
 Time Stamp:   Mon Mar 12 15:52:08 
  
 Channel characteristics (metric):
  BS    =   50.00  HA    =      0.30  UA    =      0.54
  BANK  =   right    DISTB =     20.00
  STRCND=   U        uniform density environment
  
 Pollutant data:
  C0    =    100.00  CUNITS=   %                                       
  
 ----------------------------------------------------------------------------
 CUMULATIVE DISCHARGE DATA (m):
  FFL INPUT FILE NAME: C:\Program Files\CORMIX 5.0\Post\FF\SH-RIVER.FFI       
  Data label: Far Field Locator Example, User Manual Table  6.4           
  
  Cumulative discharge measured from right hand bank.
  
  Number of Cross-sections(XS): 3
  
 XS’Label-’  Dist.  10%   20%   30%   40%   50%   60%   70%   80%   90%  100%
 1 ‘STA1  ‘   30.5  6.10 12.20 15.90 20.70 27.50 33.60 58.00 76.30 82.40 88.50
 2 ‘STA2  ‘  152.5  9.20 16.80 21.40 24.40 27.50 33.60 36.60 39.70 54.90 79.30
 3 ‘STA3  ‘  305.0 18.30 33.60 39.30 45.80 48.80 51.90 54.00 56.40 61.00 67.10
  
 ----------------------------------------------------------------------------
 FAR-FIELD PLUME PROPERTIES (m):
  
 Plume location measured in XS from right hand bank.
  
  XS  ‘Label-’  Distance      Left     Plume     Right    Dilution    Conc.
   #           downstream     edge   centerline   edge
   1  ‘STA1  ‘     30.50     27.50     20.70     13.35      30.1    0.332E+01
   2  ‘STA2  ‘    152.50     27.50     24.40     17.89      31.5    0.318E+01
   3  ‘STA3  ‘    305.00     48.80     45.80     34.43      33.0    0.303E+01
 ----------------------------------------------------------------------------
 END OF FFL:  FAR-FIELD PLUME LOCATOR
 FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
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Figure 6.8 Far-field Locator (FFL) post processor. In this case, three downstream cross-
sections are used to locate the far-field plume. Up to 10 downstream cross-sections 
can be specified.



6.6.1  General Features
The	 CorVue	 computer	 visualization	 tool	 provides	
interactive 3D and 2D display of mixing zone 
processes and plumes behavior in the water 
column, benthic regions, and shoreline boundaries. 
CorVue	 visualizes	 near-field	 dynamic	 attachments,	
instabilities, density currents, upstream buoyant 
spreading,	and	formation	of	density-stratified	terminal	
layers.	Examples	of	a	CorVue	visualizations	appear	
in Figures 6.9. 



CorVue	 also	 highlights	 simulation	 module	
boundaries as well as locations of RMZ (CCC) 
and TDZ (CMC) values. Display of RMZ may be 
specified	 as	 lengths,	 widths,	 or	 areas	 around	 the	
discharge	point.		Visualizations	include	positively	and	
negatively	buoyant	flow	classifications	for	single	port	
discharges (CORMIX1), multiport diffuser discharges 
(CORMIX2), surface discharge sources (CORMIX3), 
and dense discharge sources (DYHDRO).



CorVue	 for	CorJet	 can	 display	 atmospheric	 plumes	
simulated	by	CorJet.	 In	addition,	CorVue	 for	CorJet	
can display two sources simultaneously on the x-
y	 plane,	 with	 the	 user	 specified	 offsets	 for	 the	 2nd 
source.



Users should be mindful of large scale distortions 
sometimes needed to display a plume that may in 
reality be 1 m thick, 100 m wide and 1,000 m long 
on	a	 computer	 screen.	CorVue	uses	default	 values	
of distortion for initial display, which may or may not 
be meaningful in relation to mixing zone properties. 
However users can adjust distortion scales and the 
region of visualization to obtain meaningful plots.



Oblique 3D, 2D plan view, 2D side view (from right 
bank), and 2D downstream side views are available. 
Users can modify camera and target object position 
settings to improve visualizations. Users can also 
interactively zoom, rotate, and translate images by 
clicking and dragging the mouse.  
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CorVue	 will	 plot	 plume	 concentration	 and	 dilution	
isolines	 and	 show	 concentration	 profiles.	 Most	
functions	 have	 toggles	 to	 turn	 on/off	 display	
properties.  An online User Guide  has detailed 
descriptions of program icons, functions, and hints 
for users. The User Guide is accessible from the 
CorVue	help	drop-down	menu.



6.7 CorSens: Sensitivity 
Study Case Generator



Sensitivity studies are recommended to address 
issues relating to model applicability, outfall design, 
and regulatory mixing zone compliance. Sensitivity 
studies are employed to address model performance 
over a range of ambient and discharge conditions 
(32)	and	are	desirable	because	of:



1. Inherent uncertainty in model input and 
parameters.



2. Desire to assess outfall performance under 
typical and likely “off-design” conditions.



6.7.1  General Features
CorSens is a postprocessor that can create 
sensitivity studies quickly without the tedious 
repetition of manual data entry. It can automatically 
increment important ambient and discharge 
parameters to analyze mixing zone conditions over 
a range conditions. Thus, issues of plume boundary 
interactions, discharge stability, and dynamic bottom 
attachments can be analyzed due to changes in 
source and ambient data.



Sensitivity studies are in part motivated by the fact 
that there are no user-adjustable model “tuning” 



Figure 6.9 CorVue visualization tool for mixing zones. This example shows a surface discharge 
flowing downstream right to left. Dashed rectangular boxes (right to left) illustrate 
regulatory compliance at the TDZ (CMC), WQS (CCC), and RMZ. The plume 
centerline jumps to the right bank when the lateral edge contacts the shoreline.
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Figure 6.10 CorSens User Interface.



coefficients	 within	 CORMIX.	 The	 basis	 for	 this	
restriction is that normal variation in ambient and 
discharge	 conditions	 (e.g.	 diurnal	 fluctuation	 in	
temperature/density	or	effects	of	schematization)	are	
likely	to	have	greater	influence	mixing	zone	behavior	
than “tuning” a model parameter to obtain a “desired” 
result. An online “User Guide” is also available 
within the CorSens GUI which can provide detailed 
instructions for data entry and output interpretation.



6.7.2  Access to CorSens
CorSens is available only after completion of a 
successful CORMIX simulation. CorSens needs 
to be “seeded” with a successful simulation known 
as the “base case”. The CorSens user interface is 
shown in Figure 6.10.



The user must select a CorSens Filename (filename) 
with the “Load Base Case” button. Then, the 
number of iterations for CorSens to execute must 
be	 specified,	 a	 maximum	 number	 of	 10	 cases.	
This	 CorSens	 filename	 is	 incremented	 sequentially	
for each iteration  as “filename1, filename2, . . . , 
filename10”.	The	base	case	is	assigned	the	filename	
increment of “1”.



Values	 for	 discharge	 and	 ambient	 parameters	
for each case can then be entered directly or an 



increment assigned for each parameter. If an 
increment is assigned, then the “Generate Values” 
button will complete the table with the increment 
value assigned. Increments can be assigned positive 
or negative values.



The discharge parameters that can be varied in 
CorSens	 include	 flowrate	 (or	 velocity),	 port	 area,	
and	density.	For	ports	outfitted	with	 “duckbill”	check	
valves,	a	manufacturer’s	 	discharge	versus	flowrate	
table or rating curve is needed to enter values of port 
area	based	upon	flowrate.	



The ambient parameters available for sensitivity 
analysis	are	velocity,	depth,	and	density	stratification.	
CorSens	assumes	a	 linear	 “Type	A”	profiles.	 	 If	 the	
base	 case	 is	 not	 a	 linear	 profile,	 then	 the	 trapping	
behavior should be analyzed within CORMIX 
until trapping behavior (i.e. terminal level) can be 
simulated	by	specification	of	 suitable	Type	A	profile	
input. 



CorSens produces an output report as shown in 
Figure 6.11. The CorSens summary report can 
be saved as a “filename.csn”	 file.	 The	 CorSens	
summary report details the results of each simulation, 
including	filename,	if	the	input	data	was	valid	(Y-yes	
or	N-no),	 the	 assigned	CORMIX	 flow	 classification,	
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if the hydrodynamic program executed successfully 
for the case (Y or N), Regulatory Mixing Zone (RMZ) 
x, y, z coordinates, dilution, and concentration, and 
near-field	 region	 (NFR)	x,	 y,	 z	 coordinates,	dilution,	
and	concentration.	CorSens	will	display,	save,	and/or	
print	any	file	selected	in	the	Output	Tab	of	the	base	
case.



If only a single parameter  is varied in CorSens, that 
parameter value appears in the CorSens summary 
report. The user should note any change in CORMIX 
flow	 class.	 Changes	 in	 flow	 class	 for	 example	
from stable to unstable or from with to without a 
buoyant upstream intrusion, can sometimes have 
a pronounced effect on plume properties within the 
mixing zone. Users should also note changes in 
bottom	 attachments,	 which	 limits	 near-field	 dilution	
and generally can be avoided with good outfall 
design.



Multiple	 parameters	 can	 be	 modified	 for	 analysis	
within CorSens at the same time, however graphing 
functions are available only if a single parameter 
is varied within a sensitivity study. The CorSens 
graphing functions are available from the summary 



Figure 6.11 CorSens Report File fn.csn.



results window. Plots available are RMZ dilution S 
versus Trajectory distance s (s = [x2+y2+z2]1/2), RMZ 
concentration	 versus	Trajectory	 distance,	Near-field	
Region (NFR) dilution S versus Trajectory distance, 
NFR concentration versus Trajectory distance. If 
a single parameter is varied, then plots of RMZ 
trajectory distance versus varied parameter value 
and NFR trajectory distance versus varied parameter 
value are available.



6.8 CorVal: Case Validation 
Tool



CorVal	 is	 a	 postprocessor	 providing	 validation	 data	
for	a	user’s	CORMIX	simulation.	CorVal	is	delivered	
as an interactive web-based service and is intended 
to validate a CORMIX model prediction with case 
study	 data	 if	 available	 in	 the	 CorVal	 database	 of	
plume	 dilution	 experiments.	 The	 CorVal	 database	
is	 derived	 from	 published	 laboratory	 and	 field	
studies of buoyant jet mixing and plume dilution. 
The	 conceptual	 diagram	 of	 CorVal	 is	 presented	 in	
Figure	6.12.	CorVal	has	many	features	similar	to	the	
Benchmark system. 
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6.8.1  General Features
CorVal	 will	 validate	 a	 user’s	 CORMIX	 model	
prediction if experimental data is available in the 
CorVal	 database	 of	 plume	 dilution	 experiments.	
CorVal	 is	 currently	 restricted	 to	 stable	 submerged	
single port discharges into uniform ambient 
environments, however it may be expanded in 
the	 future	 to	 include	 stratified	 ambients,	 multiport	
diffusers, and surface discharges.



CorVal	will	present	a	validation	analysis	of	the	client’s	
CORMIX predictions compared to cases in the 
database with similar physical mixing characteristics 
as	 determined	 by	 the	 flow	 classification.	 Important	
non-dimensional mixing parameters such as Froude 
Number (F0)	 and	 crossflow	 ratio	 R	 (R=u0/ua) are 
also presented.



Predicted versus Measured data plots and 
regression	statistics	are	available	for:



1.  Downstream trajectory (s) versus dilution, 



2. Downstream distance (x) versus  dilution (S)



3. x versus  z trajectory, and iv) plume width (b) 
versus  downstream distance (x). 



Data and graphs are presented with common 
normalizations for buoyant jet mixing experiments, 
e.g downstream distance x is normalized by port 
diameter D0	as	x/D0.



For	each	plot,	CorVal	will	list	experiments	with	similar	
flow	class	 returned	by	 the	database.	Details	on	 the	
mixing experiment presented include publication 
citation, a description of important experimental 
parameters	 (e.g.	 flume	 dimensions	 if	 available),	
reported data values, and remarks on the quality of 
the data.  



6.8.1  Access to CorVal
CorVal	 is	 available	 under	 the	 Postprocessing	 drop-
down menu. Users connect to the validation web 
site	 and	 submit	 CORMIX	 input	 files	 (filename.cmx) 
and	prediction	files	(filename.prd) for the case under 
consideration. Users must have an account that 
allows	access	to	the	CorVal	subscription	database.



Correlation statistics are presented to demonstrate 
how well the user’s CORMIX prediction compares 
to	 the	 available	 experimental	 data.	CorVal	 provides	
simple regression statistics and graphs of predicted 
versus measured values. Regression statistics are 
also presented independently for the underlying data 
set.	 Users	 can	 then	 refine	 the	 data	 comparison	 by	
selecting subset of experiments with physical mixing 
properties (e.g. Froude Number F0	or	crossflow	ratio	
R) 



An	 example	 showing	 CorVal	 validation	 results	
appears in Figure 6.13. This case represents a stable 
submerged	single	port	discharge	with	CORMIX	flow	
class	V2.	Figure	6.13a	shows	a	plot	of	downstream	
distance x normalized by port diameter D0 versus 
dilution S. The CORMIX results are also plotted 
in the graphs. Regression statistics of the results 
appear below the graphs. The statistics in Figures 
6.13a and 6.13b do not include CORMIX prediction 
points; these regression values are intended to show 
the variability in the laboratory data set. Figure 6.13b 
shows an additional normalization of the data sets 
- dividing normalized trajectory and dilution values 
by Froude number Fo.  This illustrates how the 
variability in the experimental data can be reduced 
by using a common normalization parameters for 
buoyant jet dilution experiments. Figures 6.13c 
and 6.13d show the same plots as 6.13a and 
6.13b, respectively,  with CORMIX prediction points 
included	 in	 the	 analysis	 along	 with	 a	 best-fit	 linear	
regression statistics.



The	 CorVal	 database	 can	 be	 queried	 interactively	
by the user through the web browser.  Experiments 
can be excluded from the analysis based upon 
relevance to the current case under consideration. 
For example, experiments may be selected if they 
have similar Froude number Fo	 and	 crossflow	
ratio R values. Likewise experiments with different 
Froude	numbers	or	crossflow	ratios	can	be	excluded	
from the analysis. In addition, the user can view  
database entries for the original experiments, 
including references, data values, and remarks on 
the experimental data set.
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Figure 6.12 Conceptual diagram of Web-based Model Validation and Model Benchmark 
systems.
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a) b)



c) d)



Figure 6.13 CorVal case validation result. Plots and statistics are delivered to the user in the 
web browser. The user can interactively refine the database experiments returned to 
better match case condition based upon Froude number F0 and Crossflow Ratio R. 
Also the experimental data and reference material is available via hyper link.
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Along with the Mixing Model Benchmarks as 
discussed	 in	 the	 next	 section,	 CorVal	 is	 intended	
to support CORMIX quality assurance procedures. 
Information	 on	 model	 performance	 in	 specific	 flow	
simulations is available not only to model developers 
but to the public. As new experimental data becomes 
available, the database can be updated for improved 
validation capability. Ideally, the system should 
provide a feedback loop to model developers 
to improve experimental design and simulation 
methods.



6.9 Mixing Model 
Benchmarks



Whereas	 CorVal	 documents	 experimental	 data	 to	
support	 a	 client’s	 specific	CORMIX	 flow	 simulation,	
Benchmarks are a more general test or measure 
of overall mixing model prediction capability.  
Benchmarks are meant to formulate the “reference 
standard” to assess simulation model performance. 
All available mixing zone models should be able to 
provide reasonable simulation results for Benchmark 
cases.



The motivation for developing model benchmarks is 
as follows. A wide variety of mathematical models 
are employed to support water quality management 
and regulatory policies. Initial mixing models 
estimate the environmental fate of pollutants, their 
impacts on human health and the environment, 
and	 the	 costs/benefits	 of	 alternative	waste	disposal	
and outfall design policies. Given this foundational 
role, mixing models themselves can become part 
of the controversy over water quality management 
and outfall design. Parties impacted by USEPA 
regulations have at times successfully challenged 
these regulations in court by questioning the validity 
of the models upon which they were based. 



To address these issues, USEPA has formed the 
Council on Regulatory Environmental Models 
(CREM) to promote consistency and consensus 
among environmental model developers and users 
(52). USEPA is promoting standards for model 
evaluation.	 As	 defined	 by	 USEPA’s	 Information	



Quality Assurance (QA) guidelines, quality is a 
broad-term that includes notions of integrity, utility, 
and objectivity. 



To promote methods for model evaluation, the 
CORMIX benchmarking tools described here 
address many of these issues relating to mixing zone 



model development and distribution. 



6.9.1  General Features



A series of performance “benchmarks” for turbulent 
buoyant jet mixing models is proposed to evaluate 
mixing model quality. CORMIX benchmarks 
are delivered by an interactive web site which 
contains a database of turbulent buoyant jet mixing 
experiments. This database serves as a platform 
for benchmarking model performance - comparing 
simulation model predictions with observational 
data. The conceptual diagram of the benchmarking 
system,	 which	 is	 structurally	 similar	 to	 CorVal,	 is	
presented in Figure 6.12. 



Statistical and graphic tools are available for 
interactively comparing laboratory data with 
CORMIX simulation model predictions of buoyant 
jet properties including trajectory, dilution, and 
dimensions. Currently, the benchmark database 
is restricted to single port discharges. However, 
the benchmarking site will be extended to multiport 
diffusers and surface discharges in the future, and 
could be extended to include other available initial 
mixing models.



Benchmarks represent “hydrodynamically limiting” 
cases for which all buoyant jet models should have 
good agreement. These cases depict stable, near-
field	 initial	 dilution	 and	 trajectory.	 The	 benchmarks	
presented here are for CorJet, the buoyant jet 
integral	model	 used	 for	 near-field	mixing	 prediction	
of stable single port discharges within CORMIX. 



The	 benchmark	 cases	 include	 five	 asymptotic	
self-similar states of stable single port buoyant jet  
flows:	



1. Pure jet



2. Pure plume
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Name: Jirka (2004) EFM 4:1-56 Fig.10b - Advected Line Thermal 



%



Validation Sample Statistics



Height Z (Z/Lb) vs. Centerline Dilution Sc 



(Sc*Q0/(Ua*Lb^2))



--Including CORJET points--



Number of data points used to generate the 
statistic : n = 39



Correlation coefficient :r 2 = 0.977



Equation of Regression Line is :
Y = 2.008 X - 0.305



RMS Error :0.069



Height Z (Z/Lb) vs. Centerline Dilution Sc 



(Sc*Q0/(Ua*Lb^2))



--Excluding CORJET points--



Number of data points used to generate the 
statistic : n = 37



Correlation coefficient :r 2 = 0.976



Equation of Regression Line is :
Y = 2.007 X - 0.296



RMS Error :0.072



# Case Name Expt.# Legend Label Plots #Points



576 CORJET EXPERIMENT - Figure 10b CORJET CORJET X 2



530 Fai,1991,Exp01,F99999,R99999 01 Fai(1991) F=99999, R=99999 X 37



Figure 6.14 Benchmark data analysis interactive web page. Regression statistics are presented 
along with hypertext links to experimental data sources.



3. Pure wake



4. Advected Line Puff, and 



5. Advected Line Thermal



More information about these limiting test cases can 
be found in Jirka, 2004 (25).



6.9.2  Access to Benchmarks
An interactive web site serves the benchmark 
database of mixing experiments. The CORMIX 
benchmarking site contains data from over 400 
mixing experiments. User interaction with the 
benchmarking system is conducted through a web-
based interface. The graphs and validation statistics 
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As new experimental data become available, it can 
be incorporated in the Benchmark database. Also 
Benchmarks for multiport diffusers and surface 
discharge sources should be added to the database. 
It	 is	 anticipated	 that	 Benchmarks	 (and	 CorVal)	 can	
be	used	in	at	least	two	additional	ways:



1. Provide quality assurance that updated 
simulation model code can be tested for reliable 
and accurate performance, and 



2. Promote discussion among simulation model 
developers for improved simulation codes and 
experimental design.



presented are generated “on demand” when the user 
requests it via a mouse click. In this way, the system 
gives “real time” metrics of model performance. 



An example of the result of user interaction with 
the benchmarking web site is given in Figure 6.14.  
This	 figure	 shows	 the	 CORMIX	 CorJet	 normalized	
dilution prediction for an advected line thermal 
versus terminal rise height and contains correlation 
statistics for the experimental data alone along with 
the model predictions. The correlation statistics for 
the experimental data alone is presented so the 
underlying variability of the data can be assessed. 
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7.1 Synopsis



The Cornell Mixing Zone Expert System (CORMIX) 
is a series of software subsystems for the analysis, 
prediction, and design of aqueous toxic or 
conventional pollutant discharges into diverse water 
bodies. The major emphasis is on the geometry 
and dilution characteristics of the initial mixing zone 
including compliance with regulatory constraints.  
The system also predicts the behavior of the 
discharge	plume	at	larger	distances	in	the	far-field.		



The highly user-interactive CORMIX CAD system is 



Chapter 7
Closure



implemented on the Windows platform and consists 
of four hydrodynamic models. These are CORMIX1 
for single port discharges, CORMIX2 for multiport 
diffuser discharges and CORMIX3 for buoyant 
surface discharges, and DHYDRO for the analysis of 
brine and sediment discharges in unbounded coastal 
environments.  The basic CORMIX methodology 
relies on the assumption of steady ambient 
conditions. However, recent versions also contain 
special routines for the application to highly unsteady 
environments, such as tidal reversal conditions, in 
which transient recirculation and pollutant build-up 
effects can occur.



CORMIX
Regional Flow Models



0 100%



80-95%



Hydraulic Models
Special numerical modelsJet Integral Models



Plumes
UDKHDEN
CorJet } 0 100%



10-20%



Range of Model Applicability
in 



Regulatory Mixing Zone Analysis



Instability/Boundary Interactions/Density Currents



Figure 7.1 Conceptual diagram of Web-based Model Validation and Model Benchmark 
systems.   Green indicates the ranges for which a model is applicable.  The ranges 
in red need specialized techniques.
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In addition, several pre- and post-processing tools 
are linked to the CORMIX system. These include 
CorSpy	 (outfall	 specification),	 CorVue	 (mixing	 zone	
graphics), CorJet (the Cornell Buoyant Jet Integral 
Model)	 for	 the	 detailed	 analysis	 of	 the	 near-field	
behavior of buoyant jets, and FFL (the Far-Field 
Plume	 Locator),	 for	 the	 far-field	 delineation	 of	
discharge plumes in non-uniform river or estuary 
environments,	CorSens	(Sensitivity	Tool),	and	CorVal	
(case validation) and model benchmarks. Figure 7.1 
illustrates the applicability of the CORMIX system 
for mixing zone analysis vis-a-vis other available 
models.



This user’s manual gives a comprehensive and 
uniform description of all  CORMIX systems; it 
provides advice for assembly and preparation 
of required input data; it delineates ranges of 
applicability of the components; it provides instruction 
for the interpretation and graphical display of system 
output; and it illustrates practical system application 
through several case studies.



7.2 System and 
Documentation 
Availability



The CORMIX system programs can be obtained 
from:



MixZon Inc. 
1033 SW Yamhill St., Suite 301 
Portland, OR 97205-2539 USA 
Tel. 503-222-1022  
Fax:	503-296-2354 
http://www.mixzon.com



CORMIX software and documents can be 
downloaded free of charge after site registration. A 
user login and password is sent to the user via e-
mail after site registration.



As of the draft release of this manual (March 2007) 
the	 following	 versions	 of	 CORMIX	 are	 available:	
CORMIX v5.0E, CORMIX v5.0G, CORMIX v5.0GT, 



CORMIX v5.0GTS, and CORMIX v5.0GTR.



The distribution versions of CORMIX contain only 
the executable code of the FORTRAN programs 
HYDROn; they do not include the source code. 



The technical documentation reports (1,11,36) 
are available as U.S. EPA and NITS publications, 
and have also been issued as technical reports of 
the DeFrees Hydraulics Laboratory and Oregon 
Graduate Institute. 



7.3 User Support/Quality 
Assurance



Technical	and	scientific	support	for	CORMIX		can	be	
obtained from MixZon Inc. All technical support is 
initiated	by	sending	an	e-mail	message	to:



support@mixzon.com



This includes assistance on problems of system 
installation and execution, and advice on the 
specification	of	input	data	as	well	as	interpretation	of	
CORMIX	output.	Sending	the	relevant	data	input	file	
(fn.cmx) for the case under consideration as an e-
mail attachment will facilitate a quick and meaningful 
response.



Sending e-mail to support creates a “support ticket” 
with a unique ID number using Request Tracker 
(RT) software. RT is an enterprise-grade ticketing 
system which enables support staff to intelligently 
and	 efficiently	manage	 tasks,	 issues,	 and	 requests	
submitted by the community of CORMIX users. 



Support tickets are the entry point for tracking tasks, 
issues, knowledge, and collaboration. Support tickets 
are	 used	 for	 key	 tasks	 such	 as	 the	 identification,	
prioritization,	assignment,	 resolution	and	notification	
of issues including project management, help desk, 
customer relationship management, and software 
development. 



The support system keeps track of each ticket’s 
full history and metadata to help model developers 
better retain knowledge and analyze trends. Users 
can log in to their MixZon account in a web browser 





http://www.mixzon.com
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Figure 7.2 Users can track support tickets using the “MyAccount” feature available at  
http://www.mixzon.com. The support tickets are hyper linked to e-mail text files for 
complete e-mail transaction history each ticket number.



to view the support ticket status and history. An 
example of a user account support ticket history 
appears in Figure 7.2. 



Quality assurance in CORMIX development is 
integrated into the support ticket system. When new 
CORMIX software is released, the support ticket 
system	 is	 used	 to	 document	 system	 modifications.		
Available to the user in a web browser, an example of 
CORMIX quality assurance is illustrated by Figure 7.3.



Any	 high-quality	 field	 or	 laboratory	 data	 on	 effluent	
mixing processes is a valuable asset for any future 
development or updates on CORMIX. Transmittal 
of such data to the following address will be greatly 
appreciated:



Prof. Gerhard H. Jirka 
Institute for Hydromechanics 
University of Karlsruhe 
PO Box 6380 
D 76128 Karlsruhe,   
GERMANY   
Tel.	(49)	721/608-2200 
Fax.	(49)	721/66-16-86



MixZon, with USEPA SBIR program support, is 
also developing  a balloon-based remote sensing 
platform for water quality management of mixing 
zones on site scales (18). The patent-pending 
system	can	provide	data	for	mixing	zone	model	field	
validation and quality assurance. The system uses 
temperature as a dilution tracer and is applicable 
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Figure 7.3 Quality assurance in CORMIX model development is facilitated by the support ticket 
system. Model updates are documented by the associated support tickets. Available 
at: http://www.mixzon.com/quality_assurance.php



in	 many	 discharge	 configurations	 as	 a	 low	 cost	
alternative	to	traditional	dye	tracer	field	studies.	The	
platform provides real-time geo-referenced mixing 
zone dilution data at regulatory scales.  An example 
of the information obtained by the system appears 
in Figure 7.4. Contact support@mixzon.com for 
additional details. 



In summary, CORMIX provides comprehensive 
mixing zone design, analysis, and regulatory 
management. As seen in Figures 7.4 and 7.5 the 
system components integrate to provide state-of-the 
art analysis in an easy to use software package that 
requires minimal user training. 
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Figure 7.4 MixZon’s Remote Sensing Platform for Water Quality Management of Mixing 
Zones. These images show a mixing zone from an industrial non-contact cooling 
water discharge (Q= 1m3/s; ∆T=10oC) taken by our remote sensing platform at an 
elevation of 161 m. The discharge is configured as a surface channel or canal into 
the Columbia River. 



a)    Two plumes are visible during an ebb tide episode. The larger “southern plume” in 
image A is the result of a leak in the canal wall, with the “northern plume” being the 
intended discharge location. 



b)    The same site during flood tide after an attempt to repair the leak and extend the 
discharge location farther out on the point. The “northern plume” in image B is the 
intended discharge location, with a new canal leak visible as the small “southern 
plume” in image B. The new leak (southern plume) in image B is at the same 
location as the intended discharge before canal modifications as shown (northern 
plume) in image A. 



 
Both leaks were not visible through visual inspection at the site. Oregon State plane 
coordinates appear at the image borders providing geo-referenced images of the 
regulatory mixing zone.
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Figure 7.5 Conceptual diagram of Web-based Model Validation and Model Benchmark systems
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Flow	Classification	Diagrams	 Appendix	A



Appendix A
Flow Classification Diagrams for 
the Three CORMIX Subsystems
CORMIX1:	Single	Port	Discharges		



CORMIX2:	Multiport	Diffuser	Discharges	



CORMIX3:	Buoyant	Surface	Discharges	
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Submerged Single Port Discharge in a Deep Reservoir Appendix B



This case study illustrates the application of 
CORMIX1	 to	 the	 prediction	 of	 the	 effluent	 from	 a	
small manufacturing plant into a large and deep 
stratified	reservoir.



B.1 Problem Statement



A manufacturing plant (A-Plant) is discharging its 
effluent	 into	 an	 adjacent	 deep	 reservoir.	 The	 plant	
design	flowrate	is	3.5	mgd	(≈	0.15	m3/s).	The	effluent	
contains heavy metal at a concentration of 3500 ppb, 
and is released at a temperature of 68 °F (= 20 °C). 
The	density	of	 the	effluent	at	 this	flow	concentration	
can be considered equivalent to freshwater.



The	 existing	 reservoir	 has	 been	 formed	 by	 flooding	
a river valley. The reservoir length is about 60 miles. 
The	water	level	in	the	reservoir	is	fluctuating	depend-
ing on the release operation at the downstream dam 
with its hydropower installation. During summer con-
ditions, the reservoir level is typically at an elevation 
of 710 ft above sea level. This results in a reservoir 
width	 of	 about	 4000	 ft	 (≈	 1200	m)	 and	 a	maximum	
depth	of	310	ft	(≈	95	m)	at	the	discharge	location.	The	
mean	river	flow	into	the	reservoir	during	the	summer	
low-flow	conditions	is	about	18,540	cfs	(≈	525	m3/s).	
The	typical	temperature	of	the	inflowing	river	water	is	
55	°F	(≈	13	°C).



Figure B.1 shows the local bathymetry (as obtained 
from a USGS map) in the vicinity of the proposed 
discharge. Since the discharge is very small relative 
to	 the	 reservoir	 size	 and	 the	 ambient	 flowrate,	 it	
is expected that mostly local conditions will be 
important, and not overall reservoir dimensions. 



(Note:	Any	such	conjecture	has	to	be	verified	against	
the	final	simulation	results,	and	adjustments	have	 to	
be made if needed.)



Temperature data as a function of depth obtained 
from	field	measurements	in	the	center	of	the	reservoir	
show	 a	 significant	 temperature	 stratification	 (see	
Figure B.2), as is typical for such deep reservoirs 
during	 summer	 conditions.	 The	 stratification	 can	 be	
expected to be horizontally uniform and therefore 
similar conditions will hold at the discharge site. Also, 
the	 river	 inflow	 is	 colder	 than	 the	 surface	 layer	 of	
the	stratified	 reservoir.	The	 reservoir	has	a	selective	
withdrawal structure at the dam, therefore it can be 
expected	 that	 the	 river	water	will	flow	predominantly	
in a vertically limited layer, that may extend from a 
depth of about 35 m to the surface. The velocity of 
that	flow	 is	estimated	at	about	1.5	cm/s	 (≈	0.015	m/
s), given the 35 m thick layer and about 1000 m width 
at	that	elevation.	(Note:	More	detailed	hydrodynamic	
investigations,	 using	 available	 models	 for	 stratified	
reservoir dynamics, can be used to obtain more 
precise	 estimates	 of	 the	 velocity	 field.	 Generally,	
however, it cannot be assumed that the velocity in 
stratified	reservoirs	is	given	by	the	simple	average	of	
the	flowrate	divided	by	the	cross-sectional	area.)



The proposed discharge location on the side slope 
of	 the	 cross-section	 is	 also	 shown	 in	 Figure	 B.1:	 a	
submerged single port discharge at an elevation of 
610 ft above sea level, i.e. at a local depth of 100 ft 
(≈	30.5	m)	below	the	surface,	is	proposed	in	the	initial	
design	phase.	The	port	diameter	is	10	in	(≈	0.254	m)	
and	is	 located	2	ft	(≈	0.6	m)	above	the	local	bottom.	
The discharge is pointing offshore and is angled 
upward at 10 °.



Appendix B
CORMIX1: Submerged Single Port 
Discharge in a Deep Reservoir
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Figure B.1 Local details of Deep Reservoir cross-section and CORMIX1 schematization
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Figure B.2 Temperature field data as a function of depth and CORMIX1 representation of Type 
C temperature profile
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The discharge is subject to State mixing zone 
regulations whereby the mixing zone width is less 
than 10% of the width of the water body. Furthermore, 
the	 heavy	 metal	 in	 the	 effluent	 is	 considered	 toxic	
with CMC and CCC limits of 1200 and 600 ppb, 
respectively.



B.2 Problem Schematization 
and Data Preparation



Figure B.3 is the data checklist that summarizes the 
CORMIX1 input for the present problem. The ambient 
water body has been characterized as unbounded in 
line with the expectation that the discharge plume 
will be small in size relative to the reservoir width. 
Furthermore, since (1) the discharge elevation is well 
above the lowest point of the reservoir and (2) the 
plume is expected to rise toward the surface, the am-
bient	water	depth	is	taken	as	150	ft	(≈	35.0	m)	only.



The depth at the discharge corresponds to the 
local depth at the discharge location. Because of 
the sloping bank from the discharge to the near 
shoreline, the distance to bank (46 m) corresponds to 
one-half of the actual distance from the outlet to the 
shoreline at the water surface. The ambient velocity 
corresponds to the estimate made above for the 
stratified	water	body.	A	Manning’s	n	of	0.02	describes	
the smooth bottom.



Density data is simply entered via the temperature 
values	of	the	fresh	water	body.	A	Stratification	Type	C	
is	chosen	to	describe	the	actual	temperature	profile.



The discharge data values summarize the discharge 
situation as described above. Finally, the mixing 
zone	 specifications	 include	 a	width	 value	 of	 120	m,	
corresponding to 10 % of the actual width of 1200 m. 
Information	 is	 desired	 over	 about	 one	mile	 (≈	 1600	
m) which represents the region of interest (ROI) 
limitation.



B.3 CORMIX1 Session and 
Results



If desired by the user, CORMIX1 provides a summary 
of the data as they are entered, and then a full record 
of	 the	 simulation	 sequence	 and	 final	 results.	 This	
session summary report is shown in Table B.1. Of 
particular interest to the user are the evaluations in 
program element PARAM and CLASS. Note, that 
the computed length scales Lm’ and Lb’ are quite 
small, indicating that the jet or plume will be trapped 
quickly	by	 the	ambient	stratification;	 thus,	 this	 is	 the	
first	numerical	 indication	that	 the	near-field	 jet/plume	
will indeed be small relative to the reservoir. The 
ambient	 flow	 related	 scales	 Lm	 and	 Lb	 are	 quite	
large, indicating that the ambient velocity is very 
weak.	 The	 resulting	 flow	 class	 S3	 is	 dominated	 by	
the	 ambient	 stratification;	 the	 plume	 will	 be	 limited	
to	 the	 lower	 layer	 of	 the	 stratification.	 The	 user	
should	 also	 consult	 the	 description	 of	 flow	 class	S3	
that is available during the CORMIX1 session (not 
reproduced here). The detailed plume properties 
are computed in program element HYDRO, and are 
displayed	in	the	Fortran	CORMIX1	prediction	file	(see	
Table B.2, discussed in more detail further below). 



Many important features of the plume prediction 
are summarized in program element SUM of the 
session record (see Table B.1). Notably, all aspects 
pertaining to mixing zone regulations are contained 
in that summary. For example, it can be seen quickly 
from that summary that the present discharge 
configuration	 meets	 all	 three	 toxic	 dilution	 zone	
(TDZ) criteria and also the regulatory mixing zone 
(RMZ) limitation. Obviously, other ambient conditions 
and discharge variations should be considered in 
additional simulations before a design such as this 
should be deemed fully satisfactory.
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B.4 Graphical Displays of 
Detailed Plume 
Predictions



As for most engineering studies it is desirable to 
produce graphical displays for visualization of 
the predicted results. The data contained in the 
CORMIX1	 prediction	 file	 (Table	 B.2)	 form	 the	 basis	
for	 such	 plots.	 Unfortunately,	 it	 is	 often	 difficult	 to	
display all plume features in one single plot because 
the	plume	may	contain	a	lot	of	near-field	details	while	
extending	 over	 large	 distances	 into	 the	 far-field.	 A	
short	examination	of	Table	B.2	proves	that	point:	The	
plume gets quickly trapped within a very limited near-
field	 but	 with	 considerable	 mixing	 (see	 MOD110	 =	
CORJET of the CORMIX1 prediction). Yet after that 
the plume extends over large distances into the far-
field	 forming	 a	 wide	 thin	 layer	 within	 the	 stratified	
reservoir (see MOD142).



Using	 the	graphics	package	CorVue,	 two	plots	have	
been	 prepared	 to	 display	 the	 jet/plume	 side	 view	 in	
the	 near-field,	 using	 distorted	 and	 undistorted	 1:1	
scales, respectively, (Figure B.4) and the plan view 
in	the	near-field	and	larger	scale	far-field	(Figure	B.5)	
of	 the	 effluent	 plume.	 Figure	 B.4	 shows	 the	 initial	
trajectory of the slightly upward curved jet that rises 
to maximum level of 4.29 m and then gets trapped 
at an elevation of 3.44 m above the local bottom. In 
the trapping stage the jet undergoes a complicated 
transition (MOD137) to the horizontally spreading 
layer. CORMIX1 predicts a few parameters such as 
the upstream intrusion length, downstream width, 
and shape of the intrusion. As indicated in Figure B.5, 
reasonable transition boundaries can be assumed to 
provide	smooth	transitions	to	the	far-field	processes.



The side and plan views show the wide and thin layer 
that forms as the plume collapses laterally within the 
ambient	stratification	while	it	is	advected	by	the	weak	
ambient	flow.



Some discontinuity in the predicted plume 
dimensions occurs in the transition from the 
control volume (MOD137) describing upstream 
spreading to the continuous prediction for ambient 
buoyant spreading (MOD142). The cause for this 
discontinuity is the simultaneous interaction of the 
plume with the channel boundary that occurs within 
MOD137. CORMIX1 detects such complicated 
simultaneous processes and warns the user who 
then can compensate by providing reasonable, mass-
conserving transitions.



 It is also possible to include concentration values, 
e.g. along the centerline, in plots of this type. This 
has	 not	 been	 done	 in	 these	 figures	 in	 order	 not	
to overload them. Alternatively, the concentration 
distribution following the centerline of the plume 
is plotted in Figure B.6. The rapid drop-off within 
the initial buoyant jet region is evident. Also, the 
thresholds for all water quality parameters and 
module boundaries have been exercised in the plot. 
Hence, the locations where the CMC (i.e. TDZ) and 
CCC values are met have been indicated.



B.5 Details of Buoyant Jet 
Near-field Mixing



The CORJET model option can be employed if 
further details within the very initial buoyant jet motion 
are desired. This option can be exercised internally 
at the conclusion of the CORMIX design case by 
choosing the post-processor. The CORJET output 
corresponding to this has already been shown as an 
example in Section 6.1, namely as Table 6.2. That 
output agrees well with that listed in Table B.2.



More importantly, CORJET could also be used 
separately to examine different approximations to the 
ambient	 density	 profile	 and/or	 velocity	 distribution.	
The reader is encouraged to explore this approach, 
following the procedures explained in Section 6.1 and 
illustrated in Appendix E.
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Figure B.3 Data preparation checklist for A-Plant Deep Reservoir design case study using 
CORMIX1



CORMIX  Checklist for Data Preparation – Version v5.0
PROJECT LEGEND 



Project File Name:        SAMPLE 1 – CMX   Design Case:					SUMMER STRATIFIED 
Site Name: A-PLANT DEEP RESERVOIR Prepared By: ASR Date: 11.06.2007  



EFFLUENT DATA 
 Non-Fresh Water Effluent Density  Fresh Water Effluent Density



Density 0: ......................................kg/m3  Temperature T0:    20 °C   Density 0: ................................ kg/m3 



Discharge  Excess Concentration:   3500 ppb Effluent Flowrate Q0: 0.153.m3/s   Effluent Velocity U0: .................m/s



Pollutant Types 
Conservative  Non Conservative: ............................ ./day  Heated – Heat Loss Coefficient: ...................................W/m2/°C 
 Brine  Sediment: Chunks: .......... %  Sand: ........... %  Coarse Silt: .......... % Fine Silt: ........%  Clay: ........... %



 Total Sediment Concentration:............  kg/m3 
AMBIENT GEOMETRY / FLOW FIELD DATA 



Average Depth Ha:           35.0 m
Depth at Discharge Hd:   30.5 m 



Unbounded
 



 Bounded: Width BS: ....................m 
Appearance:     Uniform      Slight Meander      Highly Irregular 



Steady
 Ambient Flowrate Qa............................ m3/s 
Ambient Velocity Ua         0.015  m/s 



  Unsteady 
Period .............hr  Max Velocity Um .......... m/s Tidal Velocity at this Time  Ua: ............ m/s 



 At Time: ....hr Before Slack  At Slack –  Time: ..... hr  At Time: ....hr After Slack  



  Single Slope 
Slope S: .................................................... % 
Near Shore Velocity:................................. m/s 
Near Shore Darcy-Weisbach f: ....................  



  Near & Far Slope 
 Near Shore Slope S1 ............................%  Far Slope  S2: .................................. % 
 Near Shore Velocity Ua1........................m/s  Far Shore Velocity  Ua2: ................... m/s 
 Near Shore Darcy-Weisbach f1: ...............   Far Shore Darcy-Weisbach f2: ............  
 Breakpoint: ........................................... m 



Manning’s n:     0.02...........................   Wind Speed:   2.0  m/s 
AMBIENT  DENSITY DATA 



 Water Body: Fresh Water  Non-Fresh Water 
 Uniform Fresh:  Temperature: ........... °C  Density  a: ....................  kg/ m3 Non-Fresh:  Density  a: .......................  kg/ m3 



 Type A  Type B:  Pycnocline Height: ............m Type C:  Pycnocline Height: 15.5  m Jump: 9.0  kg/ m3 / °C Stratified 
Density :  At Surface as:   28.1  kg/m3/ °C At Bottom  ab:   11 kg/ m3 / °C 



 Brine & Sediment Only   Level 1 Density  1: ..   kg/ m3   Sub 1:............m;   Level 2 Density  2:.......kg/ m3   Sub 2: ........... m
DISCHARGE GEOMETRY DATA 



CORMIX 1 – Single Port CORMIX 2 – Multiport CORMIX 3 – Surface Discharge 
Nearest Bank:     Left  Right 
Dist. to Nearest Bank:      46.0 m 
Vert. Angle 0: 10°; Horiz. Angle 0: 90° 



 Port Diameter D0:  0.254 m   
 



Submerged 
Port Height above Bottom h0: 0.6 m 



Above Surface 
Port Height above Surface...................... m 



 Jet-like   Spray  Area 
Deflector Plate: .  With    or  Without 



Nearest Bank:     Left  Right 
 Unidirectional     Staged    Altern./ Vert. 



No of openings: ......... ;  Diffuser Length:.......... m 
Dist. to 1nd end-point YB1: ..................m  
Dist. to 2st far end-point YB2: ..............m 
Port Height h0: ..........m;  Port Diameter D0: .... m 
Contraction Ratio:...........  



Angles (degrees) 
Vert. Angle :........ °; Horiz. Angle : ................ ° 
Align. Angle : ...... °; Relat.Orient. Angle :...... °
Nozzle Direction:   Same   or   Fanned Out 



Discharge Located:  Left  Right 
Horiz. Angle : ..........................°  
Local Depth at Discharge Outlet: ................. m 



 Flush  Co-flowing  
 Protruding:  Distance from Bank: .......... m 



Discharge Outlet 
 Channel: Width: ........m;  Depth b0: ..... m 
 Pipe: Diameter D0: ................................ m  



Bottom Invert Depth:..................................... m 
Local Bottom Slope at Chanel Entry:............ ° 



MIXING ZONE DATA 
  Non-Toxic Effluent



 WQ Standard: ..........................mg/l  No WQ Standard
  Toxic Effluent 
CMC :  1200 ................. ppb CCC : 600 ............................ ppb



 Mixing Zone Specified   No Mixing Zone Specified
 Trajectory: ............m  Downstream Distance: ............m Width:      120    % / m ..   Area: .............................. % 



Region of Interest: 3500 m  Grid Intervals for Display:    20 ............................................  
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Table B.1 CORMIX Session Report for A-Plant discharge into Deep Reservoir with summer stratification



CORMIX SESSION REPORT:
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
                      CORMIX MIXING ZONE EXPERT SYSTEM
                          CORMIX Version 5.0GTR
                       HYDRO1:Version-5.0.1.0  August,2007
SITE NAME/LABEL:                A-Plant Deep Reservoir
  DESIGN CASE:                  Summer Stratified
  FILE NAME:                    C:\cormix\source 5.0\Sample Files\Sample1.prd
  Using subsystem CORMIX1:     Single Port Discharges
  Start of session:             11/12/2007--14:36:11
*****************************************************************************
SUMMARY OF INPUT DATA:
-----------------------------------------------------------------------------
AMBIENT PARAMETERS:
  Cross-section                          = unbounded
  Average depth                   HA     = 35 m
  Depth at discharge              HD     = 30.5 m
  Ambient velocity                UA     = 0.015 m/s
  Darcy-Weisbach friction factor  F      = 0.0096
    Calculated from Manning’s n          = 0.02
  Wind velocity                   UW     = 2 m/s
  Stratification Type             STRCND = C
  Surface temperature                    = 28.10 degC
  Bottom temperature                     = 11 degC
  Temperature below thermocline          = 19.10 degC
  Calculated FRESH-WATER DENSITY values:
  Surface density                 RHOAS  = 996.2053 kg/m^3
  Bottom density                  RHOAB  = 999.6072 kg/m^3
  Stratification height           HINT   = 15.5 m (pycnocline level)
  Density below pycnocline        RHOAP  = 998.3866 kg/m^3
-----------------------------------------------------------------------------
DISCHARGE PARAMETERS:             Single Port Discharge
  Nearest bank                           = right
  Distance to bank                DISTB  = 46 m
  Port diameter                   D0     = 0.254 m
  Port cross-sectional area       A0     = 0.0507 m^2
  Discharge velocity              U0     = 3.02 m/s
  Discharge flowrate              Q0     = 0.153 m^3/s
  Discharge port height           H0     = 0.6 m
  Vertical discharge angle        THETA  = 10 deg
  Horizontal discharge angle      SIGMA  = 90 deg
  Discharge temperature (freshwater)     = 20 degC
  Corresponding density           RHO0   = 998.2051 kg/m^3
  Density difference              DRHO   = 1.3548 kg/m^3
  Buoyant acceleration            GP0    = 0.0133 m/s^2
  Discharge concentration         C0     = 3500 ppb
  Surface heat exchange coeff.    KS     = 0 m/s
  Coefficient of decay            KD     = 0 /s
-----------------------------------------------------------------------------
DISCHARGE/ENVIRONMENT LENGTH SCALES:
  LQ  = 0.23 m         Lm  = 45.31 m         Lb  = 602.58 m
  LM  = 12.43 m         Lm’ = 4.95 m         Lb’ = 3.12 m
-----------------------------------------------------------------------------
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Table B.1 Continued



NON-DIMENSIONAL PARAMETERS:
  Port densimetric Froude number  FR0    = 51.97
  Velocity ratio                  R      = 201.30
-----------------------------------------------------------------------------
MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:
  Toxic discharge                        = yes
  CMC concentration               CMC    = 1200 ppb
  CCC concentration               CCC    = 600 ppb
  Water quality standard specified       = given by CCC value
  Regulatory mixing zone                 = yes
  Regulatory mixing zone specification   = width
  Regulatory mixing zone value           = 120 m (m^2 if area)
  Region of interest                     = 3500 m
*****************************************************************************
HYDRODYNAMIC CLASSIFICATION:
  *------------------------*
  | FLOW CLASS   = S3 |
  *------------------------*
  The specified ambient density stratification is important, the discharge
  near field flow is confined to the lower layer by the ambient density
  stratification.
  Applicable layer depth = lower layer depth = 15.5 m
*****************************************************************************
MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):



-----------------------------------------------------------------------------
X-Y-Z Coordinate system:
  Origin is located at the bottom below the port center:
    46 m from the right bank/shore.
  Number of display steps NSTEP = 20 per module.
-----------------------------------------------------------------------------
NEAR-FIELD REGION (NFR) CONDITIONS :
Note: The NFR is the zone of strong initial mixing.  It has no regulatory
  implication.  However, this information may be useful for the discharge
  designer because the mixing in the NFR is usually sensitive to the
  discharge design conditions.
  Pollutant concentration at NFR edge  c = 96.962900 ppb
  Dilution at edge of NFR              s = 36.1
  NFR Location:                        x = 100.63 m
    (centerline coordinates)           y = 24.72 m
                                       z = 3.42 m
  NFR plume dimensions:  half-width (bh) = 197.08 m
                          thickness (bv) = 0.93 m
Cumulative travel time:       6635.8911 sec.
-----------------------------------------------------------------------------
Buoyancy assessment:
  The effluent density is less than the surrounding ambient water
  density at the discharge level.
  Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards
  the surface. 
-----------------------------------------------------------------------------
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Stratification assessment:
  The specified ambient density stratification is dynamically important.
  The discharge near field flow is trapped within the linearly stratified
  ambient density layer.
-----------------------------------------------------------------------------
UPSTREAM INTRUSION SUMMARY:
Plume exhibits upstream intrusion due to low ambient velocity or strong
  discharge buoyancy.
  Intrusion length                        =  94.44 m
  Intrusion stagnation point              =  -92.35 m
  Intrusion thickness                     =  1.30 m
  Intrusion half width at impingement     =  197.08 m
  Intrusion half thickness at impingement =  0.93 m
-----------------------------------------------------------------------------
PLUME BANK CONTACT SUMMARY:
  Plume in unbounded section contacts nearest bank at 100.63 m downstream.
************************ TOXIC DILUTION ZONE SUMMARY ************************
Recall: The TDZ corresponds to the three (3) criteria issued in the USEPA
  Technical Support Document (TSD) for Water Quality-based Toxics Control,
  1991 (EPA/505/2-90-001).
  Criterion maximum concentration (CMC)  = 1200  ppb
Corresponding dilution                   = 2.916667
The CMC was encountered at the following plume position:
  Plume location:                      x = 0.03 m
    (centerline coordinates)           y = 3.94 m
                                       z = 1.31 m
  Plume dimension:       half-width (bh) = 0.10 m
                          thickness (bv) = 0.10 m



 Computed distance from port opening to CMC location = 4.00 m. 
 CRITERION 1: This location is within 50 times the discharge length scale of
              Lq = 0.23 m.
 +++++ The discharge length scale TEST for the TDZ has been SATISFIED. ++++++



 Computed horizontal distance from port opening to CMC location = 3.94 m. 
 CRITERION 2: This location is within 5 times the ambient water depth of
              HD = 30.5 m.
 ++++++++++ The ambient depth TEST for the TDZ has been SATISFIED. ++++++++++



 Computed distance from port opening to CMC location = 4.00 m. 
 CRITERION 3: This location is within one tenth the distance of the extent
              of the Regulatory Mixing Zone of 77.34 m in any 
              spatial direction from the port opening.
 +++++ The Regulatory Mixing Zone TEST for the TDZ has been SATISFIED. ++++++



 The diffuser discharge velocity is equal to 3.02 m/s.
 This exceeds the value of 3.0 m/s recommended in the TSD.



 *** All three CMC criteria for the TDZ are SATISFIED for this discharge. ***
********************** REGULATORY MIXING ZONE SUMMARY ***********************
The plume conditions at the boundary of the specified RMZ are as follows:
  Pollutant concentration              c = 98.164963  ppb



Table B.1 Continued
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  Corresponding dilution               s = 40.2
  Plume location:                      x = -73.23 m
    (centerline coordinates)           y = 24.72 m
                                       z = 3.42 m
  Plume dimensions:      half-width (bh) = 60 m
                          thickness (bv) = 0.70 m
Cumulative travel time < 6635.8911 sec. (RMZ is within NFR)
At this position, the plume is NOT IN CONTACT with any bank.
Furthermore, the CCC for the toxic pollutant has indeed been met
  within the RMZ. In particular:
The CCC was encountered at the following plume position:
The CCC for the toxic pollutant was encountered at the following
  plume position:
  CCC                                    = 600  ppb
Corresponding dilution                   = 5.8
  Plume location:                      x = 0.16 m
    (centerline coordinates)           y = 7.83 m
                                       z = 2.13 m
  Plume dimension:       half-width (bh) = 0.89 m
-----------------------------------------------------------------------------
Regulatory Mixing Zone Analysis:
  The RMZ specification occurs before the near-field mixing regime (NFR) has
  been completed.  The specification of the RMZ is highly restrictive.
********************* FINAL DESIGN ADVICE AND COMMENTS **********************
REMINDER:  The user must take note that HYDRODYNAMIC MODELING by any known
  technique is NOT AN EXACT SCIENCE.
Extensive comparison with field and laboratory data has shown that the
  CORMIX predictions on dilutions and concentrations (with associated
  plume geometries) are reliable for the majority of cases and are accurate
  to within about +-50% (standard deviation).
As a further safeguard, CORMIX will not give predictions whenever it judges
  the design configuration as highly complex and uncertain for prediction.
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Table B.2 CORMIX1 Prediction File for A-Plant discharge into Deep Reservoir with summer stratification



CORMIX1 PREDICTION FILE:
11111111111111111111111111111111111111111111111111111111111111111111111111111
                       CORMIX MIXING ZONE EXPERT SYSTEM
             Subsystem CORMIX1:  Single Port Discharges
                         CORMIX Version 5.0GTR                   
                      HYDRO1 Version 5.0.1.0 August 2007      
-----------------------------------------------------------------------------   
-----------------------------------------------------------------------------   
CASE DESCRIPTION
 Site name/label:   A-Plant Deep Reservoir                                 
 Design case:       Summer Stratified                                      
 FILE NAME:         C:\cormix\source_5.0\Sample Files\Sample1.prd          
 Time stamp:        Mon Nov 12 14:36:11 2007
 
ENVIRONMENT PARAMETERS (metric units)
 Unbounded section
 HA    =     35.00  HD    =     30.50
 UA    =      0.015 F     =      0.010 USTAR =0.5197E-03
 UW    =      2.000 UWSTAR=0.2198E-02
 Density stratified environment
 STRCND=  C         RHOAM =  997.6240
 RHOAS =  996.2053  RHOAB =  999.6072  RHOAH0=  999.5599  E     =0.7725E-03
 DRHOJ =    2.1813  HINT  =     15.50  ES    =0.2153E-02
 
DISCHARGE PARAMETERS (metric units)
 BANK  =  RIGHT     DISTB =     46.00
 D0    =      0.254 A0    =      0.051 H0    =      0.60  SUB0  =     29.90
 THETA =     10.00  SIGMA =     90.00
 U0    =      3.019 Q0    =      0.153       =0.1530E+00
 RHO0  =  998.2051  DRHO0 =0.1355E+01  GP0   =0.1329E-01
 C0    =0.3500E+04  CUNITS=  ppb                           
 IPOLL =  1         KS    =0.0000E+00  KD    =0.0000E+00
 
FLUX VARIABLES (metric units)
 Q0    =0.1530E+00  M0    =0.4620E+00  J0    =0.2034E-02  SIGNJ0=      1.0
 Associated length scales (meters)
 LQ    =      0.23  LM    =     12.43  Lm    =     45.31  Lb    =    602.58
                                       Lmp   =      4.95  Lbp   =      3.12
NON-DIMENSIONAL PARAMETERS
 FR0   =     51.97  R     =    201.30
 
FLOW CLASSIFICATION
 111111111111111111111111111111111111111111
 1  Flow class (CORMIX1)      =    S3     1  
 1  Applicable layer depth HS =    15.50  1
 111111111111111111111111111111111111111111
 
MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS
 C0    =0.3500E+04  CUNITS=  ppb                           
 NTOX  =  1         CMC   =0.1200E+04  CCC   =  CSTD
 NSTD  =  1         CSTD  =0.6000E+03
 REGMZ =  1
 REGSPC=  2         XREG  =      0.00  WREG  =    120.00  AREG  =      0.00
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 XINT  =   3500.00  XMAX  =   3500.00
 
X-Y-Z COORDINATE SYSTEM:
    ORIGIN is located at the bottom and below the center of the port:
        46.00 m  from the RIGHT bank/shore.
    X-axis points downstream, Y-axis points to left, Z-axis points upward.
NSTEP =  20 display intervals per module
-----------------------------------------------------------------------------   
BEGIN MOD101: DISCHARGE MODULE                                                
       X        Y       Z        S       C       B
      0.00     0.00    0.60     1.0 0.350E+04   0.13
END OF MOD101: DISCHARGE MODULE                                               
-----------------------------------------------------------------------------   
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION                     
 Jet-like motion in linear stratification with weak crossflow.
  
 Zone of flow establishment:            THETAE=     10.00  SIGMAE=     89.88
  LE    =      1.25  XE    =      0.00  YE    =      1.23  ZE    =      0.82
  
 Profile definitions:
   B = Gaussian 1/e (37%) half-width, normal to trajectory
   S = hydrodynamic centerline dilution
   C = centerline concentration (includes reaction effects, if any)
       X        Y       Z        S       C       B
      0.00     0.00    0.60     1.0 0.350E+04   0.13
      0.00     1.23    0.82     1.0 0.350E+04   0.14
      0.01     2.42    1.03     1.8 0.195E+04   0.27
      0.02     3.61    1.25     2.7 0.131E+04   0.41
** CMC HAS BEEN FOUND **
 The pollutant concentration in the plume falls below CMC value of 0.120E+04
   in the current prediction interval.
 This is the extent of the TOXIC DILUTION ZONE.
      0.05     4.68    1.45     3.5 0.101E+04   0.53
      0.08     5.86    1.70     4.4 0.804E+03   0.66
      0.13     7.16    1.98     5.3 0.657E+03   0.81
**WATER QUALITY STANDARD OR CCC HAS BEEN FOUND**
 The pollutant concentration in the plume falls below water quality standard
   or CCC value of 0.600E+03 in the current prediction interval.
 This is the spatial extent of concentrations exceeding the water quality 
   standard or CCC value.
      0.18     8.22    2.22     6.1 0.571E+03   0.93
      0.25     9.51    2.53     7.1 0.491E+03   1.07
      0.32    10.68    2.82     8.0 0.436E+03   1.21
  Level of buoyancy reversal in stratified ambient.
      0.41    11.85    3.11     8.9 0.392E+03   1.34
      0.51    13.02    3.39     9.8 0.356E+03   1.48
      0.61    14.20    3.67    10.7 0.327E+03   1.62
      0.73    15.38    3.91    11.6 0.302E+03   1.76
      0.85    16.44    4.08    12.4 0.282E+03   1.88
      0.99    17.64    4.22    13.3 0.263E+03   2.02
      1.14    18.83    4.29    14.2 0.246E+03   2.16
  Maximum jet height has been reached.
      1.31    20.03    4.27    15.2 0.231E+03   2.30
      1.49    21.22    4.15    16.1 0.217E+03   2.44
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      1.68    22.40    3.96    17.2 0.204E+03   2.58
      1.88    23.56    3.70    18.2 0.192E+03   2.72
      2.09    24.72    3.42    19.2 0.182E+03   2.87
  Terminal level in stratified ambient has been reached.
 Cumulative travel time =          66.3937 sec
 
END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION                    
-----------------------------------------------------------------------------   
BEGIN MOD137: TERMINAL LAYER INJECTION/UPSTREAM SPREADING                     
 
 UPSTREAM INTRUSION PROPERTIES:
        Maximum elevation of jet/plume rise     =      7.62 m
        Layer thickness in impingement region   =      1.30 m
        Upstream intrusion length               =     94.44 m
        X-position of upstream stagnation point =    -92.35 m
        Thickness in intrusion region           =      1.30 m
        Half-width at downstream end            =    197.08 m
        Thickness at downstream end             =      0.93 m
  Control volume inflow:
       X        Y       Z        S       C       B
      2.09    24.72    3.42    19.2 0.182E+03   2.87
 Profile definitions:
   BV = top-hat thickness, measured vertically
   BH = top-hat half-width, measured horizontally in Y-direction
   ZU = upper plume boundary (Z-coordinate)
   ZL = lower plume boundary (Z-coordinate)
   S  = hydrodynamic average (bulk) dilution
   C  = average (bulk) concentration (includes reaction effects, if any)
 
       X        Y       Z        S       C       BV       BH      ZU      ZL
    -92.35    24.72    3.42  9999.9 0.000E+00   0.00     0.00    3.42    3.42
    -88.49    24.72    3.42    75.9 0.461E+02   0.33    27.87    3.58    3.25
 ** REGULATORY MIXING ZONE BOUNDARY is within the Near-Field Region **
 In this prediction interval the TOTAL plume width meets or exceeds
 the regulatory value =   120.00 m.
 This is the extent of the REGULATORY MIXING ZONE.
    -69.58    24.72    3.42    31.6 0.111E+03   0.79    67.70    3.81    3.02
    -50.66    24.72    3.42    24.1 0.145E+03   1.04    91.60    3.94    2.90
    -31.75    24.72    3.42    20.9 0.167E+03   1.19   110.44    4.01    2.82
    -12.84    24.72    3.42    19.5 0.179E+03   1.28   126.50    4.06    2.78
      6.07    24.72    3.42    19.3 0.181E+03   1.29   140.75    4.06    2.77
     24.98    24.72    3.42    22.5 0.155E+03   1.23   153.68    4.03    2.81
     43.90    24.72    3.42    27.9 0.126E+03   1.11   165.60    3.97    2.86
     62.81    24.72    3.42    32.4 0.108E+03   1.01   176.72    3.93    2.91
     81.72    24.72    3.42    34.9 0.100E+03   0.96   187.18    3.90    2.94
    100.63    24.72    3.42    36.1 0.970E+02   0.93   197.08    3.89    2.95
 Cumulative travel time =        6635.8916 sec
 
END OF MOD137: TERMINAL LAYER INJECTION/UPSTREAM SPREADING                    
-----------------------------------------------------------------------------   
** End of NEAR-FIELD REGION (NFR) **
 
 In this design case, the discharge is located CLOSE TO BANK/SHORE.
 Some boundary interaction occurs at end of near-field.
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   This may be related to a design case with a very LOW AMBIENT VELOCITY.
   The dilution values in one or more of the preceding zones may be too high. 
 Carefully evaluate results in near-field and check degree of interaction.
 
 Consider locating outfall further away from bank or shore.
 In the next prediction module, the plume centerline will be set
   to follow the bank/shore.
-----------------------------------------------------------------------------   
BEGIN MOD142: BUOYANT TERMINAL LAYER SPREADING                                
 
 Plume is ATTACHED to RIGHT bank/shore.
   Plume width is now determined from RIGHT bank/shore.
 Profile definitions:
   BV = top-hat thickness, measured vertically
   BH = top-hat half-width, measured horizontally in Y-direction
   ZU = upper plume boundary (Z-coordinate)
   ZL = lower plume boundary (Z-coordinate)
   S  = hydrodynamic average (bulk) dilution
   C  = average (bulk) concentration (includes reaction effects, if any)
 
 Plume Stage 2 (bank attached):
       X        Y       Z        S       C       BV       BH      ZU      ZL
    100.63   -46.00    3.42    36.1 0.970E+02   1.37   267.80    4.11    2.73
    270.60   -46.00    3.42    43.1 0.812E+02   0.93   472.49    3.88    2.95
    440.57   -46.00    3.42    48.9 0.716E+02   0.81   613.76    3.82    3.01
    610.54   -46.00    3.42    55.2 0.634E+02   0.77   732.37    3.80    3.03
    780.51   -46.00    3.42    62.1 0.563E+02   0.75   840.40    3.80    3.04
    950.48   -46.00    3.42    69.7 0.502E+02   0.75   942.96    3.80    3.04
   1120.44   -46.00    3.42    77.8 0.450E+02   0.76  1042.56    3.80    3.04
   1290.41   -46.00    3.42    86.3 0.405E+02   0.77  1140.52    3.80    3.03
   1460.38   -46.00    3.42    95.2 0.367E+02   0.79  1237.57    3.81    3.03
   1630.35   -46.00    3.42   104.5 0.335E+02   0.80  1334.14    3.82    3.02
   1800.32   -46.00    3.42   114.0 0.307E+02   0.81  1430.48    3.83    3.01
   1970.29   -46.00    3.42   123.9 0.283E+02   0.83  1526.73    3.83    3.00
   2140.25   -46.00    3.42   134.0 0.261E+02   0.84  1623.00    3.84    3.00
   2310.22   -46.00    3.42   144.3 0.243E+02   0.86  1719.34    3.85    2.99
   2480.19   -46.00    3.42   154.9 0.226E+02   0.87  1815.77    3.85    2.98
   2650.16   -46.00    3.42   165.6 0.211E+02   0.88  1912.33    3.86    2.98
   2820.13   -46.00    3.42   176.6 0.198E+02   0.90  2009.03    3.87    2.97
   2990.09   -46.00    3.42   187.8 0.186E+02   0.91  2105.86    3.87    2.96
   3160.06   -46.00    3.42   199.2 0.176E+02   0.92  2202.83    3.88    2.96
   3330.03   -46.00    3.42   210.8 0.166E+02   0.93  2299.93    3.89    2.95
   3500.00   -46.00    3.42   222.6 0.157E+02   0.95  2397.18    3.89    2.94
 Cumulative travel time =      233260.3438 sec
 
 Simulation limit based on maximum specified distance =   3500.00 m.
   This is the REGION OF INTEREST limitation.
 
END OF MOD142: BUOYANT TERMINAL LAYER SPREADING                               
-----------------------------------------------------------------------------   
CORMIX1: Single Port Discharges              End of Prediction File
11111111111111111111111111111111111111111111111111111111111111111111111111111
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Figure B.4 Different side views of near-field jet/plume discharge in stratified reservoir.  
a) distorted un-scaled view,  
b) view with fixed undistorted scale, and  
c) undistorted view along trajectory (in the 3D view).



a)



b)



c)
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Figure B.5 Plan view of diffuser plume in a) complete field (near- and far), and b) near-field only.  
 
(Note: since in this simulation the discharge was schematized as an unbounded 
cross-section, the resulting plume would actually contact far shoreline when the 
plume width exceeds the actual cross-section width of 1000 m.  This occurs when 
BH = 1000 m at x = 1000 m downstream as shown in view a). Thus, if plume 
concentration data were required after far shoreline contact, a bounded cross-
section would need to be specified (BS = 1000) in a new simulation



a)



b)
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Figure B.6 Concentration distribution as a function of distance along plume centerline
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The	 design	modification	 of	 an	 existing	 (hypothetical	
situation) discharge from a plant into a shallow river 
is considered in this case study. This affords an 
opportunity to demonstrate the joint use of CORMIX 
and	of	a	dye	field	study	in	order	to	analyze	an	existing	
effluent	 plume	 from	 a	 single	 port	 discharge	 and	 to	
suggest a design conversion to a multiport diffuser 
with improved mixing characteristics.



C.1 Problem Statement



An industrial plant (B-Plant) is currently discharging 
its	effluent	into	an	adjacent	shallow	river.	The	design	
flowrate	 is	 quite	 small	 at	 2.1	 mgd	 (≈	 0.092	 m3/s).	
The river is about 200 to 300 ft wide at the discharge 
location and the following downstream reach. Water 
depth is, of course, dependent on the river discharge 
that is seasonally variable. An examination of 
available	 streamflow	 records	 (USGS	data)	 suggests	
a	7Q10	low	flow	discharge	of	285	cfs	(≈	8.06	m3/s).



Recent water quality studies in the discharge reach 
performed	 during	 low	 flow	 summer	 conditions	
have shown occasional coloration problems in 
the discharge plume that seem to be related to 
inadequate mixing characteristics of the present 
submerged single port discharge. For that reason the 
plant operator is considering an improvement of the 
discharge structure.



C.2 Existing Single Port 
Discharge: Dye Field 
Study and CORMIX1 
Comparison



An	 initial	 field	 study	 was	 conducted	 in	 order	 (1) to 
measure the geometric and hydraulic characteristics 
of the discharge reach with special emphasis on the 
first	1000	ft	downstream,	and	(2) to determine plume 
concentrations by means of a dye injection into the 
plant	effluent.



Figure C.1 shows the plan geometry of the discharge 
reach. River cross-sections were determined by 
depth measurements at several stations as indicated. 
For example, Figure C.2 gives the cross-section 
at the discharge location. All cross-sections exhibit 
quite some non-uniformity as is typical for a gently 
meandering alluvial (gravel) river. The indicated water 
level	corresponds	to	the	river	discharge	of	840	cfs	(≈	
23.7	m3/s)	that	was	measured	during	the	field	survey	
using the usual USGS stream-gaging methods. The 
ambient	temperature	at	this	flowrate	was	20	oC. The 
discharge	 pipe	 (diameter	 =	 8	 in	 ≈	 0.2	m)	 is	 located	
about 95 ft from the right bank, and is pointing in 
the downstream direction. The centerline of the port 
opening is located 0.15 m above the bottom.



In	 order	 to	 obtain	 a	 detailed	 description	 of	 the	 flow	
field	 in	 the	 river,	 reach	 discharge	 measurements	
were conducted at several more downstream stations 
(200, 400, 750, and 1000 ft, respectively). Figure C.1 
includes the cumulative discharge isolines, expressed 
in % of the total discharge as measured from the 
right bank, for the reach. These lines provide a useful 
indication	of	the	mean	flow	pattern	in	such	a	winding	



Appendix C
CORMIX1 and 2: Submerged Single 
Port Discharge and Multiport Diffuser In 
Shallow River
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Figure C.1 Plan view of downstream reach of Shallow River with cumulative discharge 
measurement stations and distribution
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river for subsequent interpretation of observed 
plume features (see also comments on cumulative 
discharge method in Section 6.2).



A dye test was carried out by continuously 
discharging	 a	 fluorescein	 dye	 solution	 into	 the	 plant	
effluent.	The	dye	concentration	exiting	the	discharge	
pipe was 560 ppb with a temperature of 22 oC. 
Dye concentration were measured at the transects 
indicated in Figure C.1, and have been plotted in 
Figure C.3 as a function of distance from the right 
bank.	 The	 observed	 concentration	 profiles	 show	
decreasing peak (maximum) values with increasing 
downstream distances. Observations indicated a 
vertically mixed plume at all locations. In the display 
of Figure C.3 the plume centerline position is clearly 
shifting relative to the right bank, and the plume width 
occasionally appears to slightly contract in width. 



An initial CORMIX1 evaluation was carried out to 
ascertain its applicability in this somewhat irregular 
flow	environment.	For	this	purpose,	the	cross-section	
was schematized as a rectangular cross-section 



putting emphasis on the depth conditions around the 
discharge location.  The average and local depths at 
this	flow	rate	are	both	1.98	ft	or	(≈	0.6	m).



Information from the cumulative discharge data 
was used. Note that the cumulative discharge data 
shows the discharge located at the 60 % line, i.e. it is 
hydraulically closer to the left bank, while it appears 
geographically	closer	to	the	right!	This	 is	reflected	in	
the	 schematization:	Within	 the	165	 ft	 (≈	 50	m)	wide	
rectangular channel, the discharge is located 20 
m from the left bank. The roughness of the slightly 
winding, but otherwise clean natural channel has 
been	specified	by	a	Manning’s	n	value	of	0.03.



Figure C.4 is the data checklist prepared for the 
CORMIX1 session, while Table C.1 represents the 
detailed CORMIX1 Prediction File (the session report 
is not given here). CORMIX1 predicts that the plume 
gets rapidly mixed over the shallow depth, and is 
primarily	 influenced	 by	 far-field	mixing	 processes,	 a	
feature that is quite consistent with observations. The 
dye concentration distribution predicted by CORMIX1 



Figure C.3 Measured dye concentration plotted as a function of distance from right bank
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in the schematic rectangular channel are plotted in 
Figure C.5 and show a much more regular mixing 
pattern than the earlier Figure C.3. However, matters 
can	 be	 readily	 reconciled	 when	 both	 field	 data	 and	
CORMIX1 predictions are interpreted as a function of 
cumulative discharge (for example by means of the 
far-field	 post-processor	 FFL,	 although	 the	 details	 of	
the FFL application are not shown herein). 



This has been done in Figure C.6 where both 
distributions are directly superposed on the 
cumulative discharge pattern. The agreement is 
excellent. This entire procedure points out the need 
for	 high-quality	 field	 data	 if	 detailed	 interpretations	
and predictions of discharge plumes are desired.



C.3 Proposed Multiport 
Diffuser Discharge Under 
7Q10 flow Conditions: 
CORMIX2 Predictions



The following strategy is pursued in order to improve 
the	 near-field	 mixing	 characteristics	 of	 the	 existing	
discharge:	



1. Utilization of a multiport diffuser to increase 
the initial entrainment of ambient water into the 
multiple	effluent	jets,	and	



2. Shifting of the discharge location toward the right 
bank to delay the contact with the left shoreline 
that -with the present installation- seems to occur 
at a downstream distance of 1000 ft (based on 
the dye study).



The	 design	 study	 is	 carried	 out	 for	 the	 low	 flow	
ambient condition given by the 7Q10 discharge 
(285	cfs	≈	8.1	m3/s)	as	is	typical	for	water	quality	
studies on riverine sites. Temperatures of the 
discharge and ambient and channel roughness is 
assumed unchanged. The new local and average 
depth	 for	 this	 flowrate	 is	 calculated	 to	 be	 ≈	 0.3	
m from the formula given in Section 4.4.1. The 
proposed port height H0 for the new multiport  
diffuser is 0.09 m.



State water quality regulations call for a 



demonstration of plume concentrations at the 
edge of a mixing zone that is limited to one 
fourth	 (1/4)	 of	 the	 river	 width.	 With	 an	 average	
river width of 250 ft, this corresponds to a width 
limitation	 of	 250/4	 ≈	 62	 ft	 (≈	 19	m).	 (Note:	 The	
actual width limitation must be handled within the 
schematized	cross-sections	as	specified.	For	the	
schematic channel width of 50 m this represents 
a	 19/50	 =	 38%	 width	 limitation	 specification	 as	
used in CORIMX2.)



Obviously, a number of design solutions, with 
different	 diffuser	 configurations	 and	 locations,	
need to be investigated. One of several feasible 
solutions	 is	presented	 in	 the	following:	A	15	m	(≈	49	
ft) long diffuser consisting of 7 nozzles is installed 
in	 perpendicular,	 co-flowing	 arrangement	 centered	
at	 the	 40%	 cumulative	 discharge	 position.	 (Note:	 In	
the actual coordinate position, this corresponds to a 
distance of about 70 ft from the right bank; see Figure 
C.1.)	The	nozzle	diameter	is	2.5	in	(≈	0.0635	m).



The CORMIX2 simulation is summarized in Figure 
C.7 (data preparation checklist), Table C.2 (session 
report),	and	Table	C.3	(prediction	file).	



Inspection	 of	 the	 session	 record	 and	 prediction	 file	
shows that the plume becomes rapidly mixed over 
the very shallow water depth. Furthermore, a high 
initial dilution of 29.8 is attained in a short region 
(labeled the “acceleration zone”, MOD271) following 
the high velocity multiport discharge.  These results 
are plotted in Figure C.8 using the graphics package 
CorVue.	 In	 order	 to	 illustrate	 the	 capabilities	 of	 the	
graphics	program	these	plots	include:



1.	 The	 un-scaled	 plan	 view	 as	 it	 first	 appears	 on	
screen;



2.	 A	re-scaled	plan	view	that	 is	undistorted	(1:1)	 to	
show the actual long and narrow plume shape 
and river stretch;



3.	 A	side	view	of	the	near-field	only	with	1:2	vertical	
distortion. The user should explore the manifold 
features of the graphics package.



Obviously, predicted plan plume shapes should be 
interpreted with the cumulative discharge method. 
The	 far-field	 plume	 locator	 FFL	 (Section 6.2) is 
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designed	for	exactly	that	purpose.	The	two	data	files	
examples in Section 6.2	 (input:	 Table	 6.4,	 output:	
Table 6.5) are, in fact, applications for the present 
design case. Hence, the results of Table 6.5 when 
plotted on the river plan view with the cumulative 
discharge isolines are shown in Figure C.9 and 
exhibit realistic plume shapes. After the rapid initial 
mixing	 in	 the	 near-field	 the	 plume	 is	 growing	 only	
very	slowly	 in	 the	 far-field	 (MOD261).	At	 the	1000	 ft	
transect, the plume stays clear of the left bank.



The concentration distribution along the plume 
centerline	 is	plotted	 in	Figure	C.10	 for	 the	near-field	
only, as very slow additional mixing occurs at larger 
distances (see Table C.3). As regards the regulatory 
mixing zone (RMZ) the prediction results indicate 
that it will be encountered at a considerable distance 
downstream,	at	about	354	m	(≈	1200	ft),	 i.e.	outside	



the region plotted in Figure C.10. The dilution at that 
location is 33.5, corresponding to a local centerline 
concentration value of 3.0 %.



Finally, it is illuminating to compare the performance 
of the proposed multiport diffuser design with the 
existing single port situation, both under 7Q10 low 
flow.	This	 is	also	 included	 in	Figure	C.10	by	plotting	
the	 plume	 centerline	 concentrations.	 (Note:	 The	
data	 sheet,	 session	 record,	 and	 output	 file	 for	 this	
CORMIX1 application are omitted for space reasons.) 
Clearly, the multiport design achieves much more 
rapid initial mixing by capturing more of the ambient 
entrainment	flow	as	the	diffuser	is	spread	over	portion	
of the river width. Figure C.10 also includes an 
additional CORMIX1 prediction for a single plume out 
of the 7-nozzle arrangement to provide more detail in 
the	near-field;	the	user	has	been	prompted	by	several	
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Figure C.4 Data preparation checklist for Shallow River dye test evaluation and verification 
using CORMIX1



CORMIX  Checklist for Data Preparation – Version v5.0
PROJECT LEGEND 



Project File Name:        DYE1.CMX   Design Case:					Dye Test, Shallow River 
Site Name: B-PLANT SHALLOW  RIVER Prepared By: ASR Date: 11.06.2007  



EFFLUENT DATA 
 Non-Fresh Water Effluent Density  Fresh Water Effluent Density



Density 0: ......................................kg/m3  Temperature T0:    22.........°C  Density 0: ................................ kg/m3 



Discharge  Excess Concentration:   560 ppb  Effluent Flowrate Q0: 0.092.m3/s   Effluent Velocity U0: .................m/s



Pollutant Types 
Conservative  Non Conservative: ............................ ./day  Heated – Heat Loss Coefficient: ...................................W/m2/°C 
 Brine  Sediment: Chunks: .......... %  Sand: ........... %  Coarse Silt: .......... % Fine Silt: ........%  Clay: ........... %



 Total Sediment Concentration:............  kg/m3 
AMBIENT GEOMETRY / FLOW FIELD DATA 



Average Depth Ha:           0.6 m
Depth at Discharge Hd:   0.6 m 



 Unbounded
 



 Bounded: Width BS: 50 m 
Appearance:     Uniform      Slight Meander      Highly Irregular 



Steady
 Ambient Flowrate Qa       23.7  m3/s 
 Ambient Velocity Ua ............................. m/s 



  Unsteady 
Period .............hr  Max Velocity Um .......... m/s Tidal Velocity at this Time  Ua: ............ m/s 



 At Time: ....hr Before Slack  At Slack –  Time: ..... hr  At Time: ....hr After Slack  



  Single Slope 
Slope S: .................................................... % 
Near Shore Velocity:................................. m/s 
Near Shore Darcy-Weisbach f: ....................  



  Near & Far Slope 
 Near Shore Slope S1 ............................%  Far Slope  S2: .................................. % 
 Near Shore Velocity Ua1........................m/s  Far Shore Velocity  Ua2: ................... m/s 
 Near Shore Darcy-Weisbach f1: ...............   Far Shore Darcy-Weisbach f2: ............  
 Breakpoint: ........................................... m 



Manning’s n:     0.03...........................   Wind Speed:   2.0  m/s 
AMBIENT  DENSITY DATA 



 Water Body: Fresh Water  Non-Fresh Water 
Uniform Fresh: Temperature:  20  °C  Density  a: ....................  kg/ m3 Non-Fresh:  Density  a: .......................  kg/ m3 



 Type A  Type B:  Pycnocline Height: ............m Type C:  Pycnocline Height: ...........m Jump: .........kg/ m3 / °C  Stratified Density :  At Surface as: .................. kg/m3/ °C At Bottom  ab: ................. kg/ m3 / °C 
 Brine & Sediment Only   Level 1 Density  1: ..   kg/ m3   Sub 1:............m;   Level 2 Density  2:.......kg/ m3   Sub 2: ........... m



DISCHARGE GEOMETRY DATA 
CORMIX 1 – Single Port CORMIX 2 – Multiport CORMIX 3 – Surface Discharge 



Nearest Bank:     Left  Right 
Dist. to Nearest Bank:      20 m 
Vert. Angle 0: 0 °; Horiz. Angle 0: 0 ° 



 Port Diameter D0:  0.2 m   
 Port Area A0: ....................m2 



Submerged 
Port Height above Bottom h0: 0.15 m 



Above Surface 
Port Height above Surface...................... m 



 Jet-like   Spray  Area 
Deflector Plate: .  With    or  Without 



Nearest Bank:     Left  Right 
 Unidirectional     Staged    Altern./ Vert. 



No of openings: ......... ;  Diffuser Length:.......... m 
Dist. to 1nd end-point YB1: ..................m  
Dist. to 2st far end-point YB2: ..............m 
Port Height h0: ..........m;  Port Diameter D0: .... m 
Contraction Ratio:...........  



Angles (degrees) 
Vert. Angle :........ °; Horiz. Angle : ................ ° 
Align. Angle : ...... °; Relat.Orient. Angle :...... °
Nozzle Direction:   Same   or   Fanned Out 



Discharge Located:  Left  Right 
Horiz. Angle : ..........................°  
Local Depth at Discharge Outlet: ................. m 



 Flush  Co-flowing  
 Protruding:  Distance from Bank: .......... m 



Discharge Outlet 
 Channel: Width: ........m;  Depth b0: ..... m 
 Pipe: Diameter D0: ................................ m  



Bottom Invert Depth:..................................... m 
Local Bottom Slope at Chanel Entry:............ ° 



MIXING ZONE DATA 
  Non-Toxic Effluent



 WQ Standard: ..........................mg/l  No WQ Standard
  Toxic Effluent 
CMC : ............................ ppb CCC : ................................... ppb



  Mixing Zone Specified   No Mixing Zone Specified
 Trajectory: ............m  Downstream Distance: ............m  Width: .....................% / m   Area: .............................. % 



Region of Interest: 1000...........m Grid Intervals for Display:    20 ............................................  
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Table C.1 CORMIX1 Prediction File for dye test in Shallow River



CORMIX1 PREDICTION FILE:
11111111111111111111111111111111111111111111111111111111111111111111111111111
                       CORMIX MIXING ZONE EXPERT SYSTEM
             Subsystem CORMIX1:  Single Port Discharges
                         CORMIX Version 5.0GTR                   
                      HYDRO1 Version 5.0.1.0 August 2007      
-----------------------------------------------------------------------------   
CASE DESCRIPTION
 Site name/label:   B-Plant Shallow River                                  
 Design case:       Dye Test, Shallow River                                
 FILE NAME:         C:\cormix\source_5.0\Sample Files\Dye1.prd             
 Time stamp:        Mon Nov 12 14:36:01 2007
 
ENVIRONMENT PARAMETERS (metric units)
 Bounded section
 BS    =     50.00  AS    =     30.00  QA    =     23.70  ICHREG= 2
 HA    =      0.60  HD    =      0.60
 UA    =      0.790 F     =      0.084 USTAR =0.8081E-01
 UW    =      2.000 UWSTAR=0.2198E-02
 Uniform density environment
 STRCND=  U         RHOAM =  998.2051
 
DISCHARGE PARAMETERS (metric units)
 BANK  =  LEFT      DISTB =     20.00
 D0    =      0.200 A0    =      0.031 H0    =      0.15  SUB0  =      0.45
 THETA =      0.00  SIGMA =      0.00
 U0    =      2.928 Q0    =      0.092       =0.9200E-01
 RHO0  =  997.7714  DRHO0 =0.4337E+00  GP0   =0.4260E-02
 C0    =0.5600E+03  CUNITS=  ppb                           
 IPOLL =  1         KS    =0.0000E+00  KD    =0.0000E+00
 
FLUX VARIABLES (metric units)
 Q0    =0.9200E-01  M0    =0.2694E+00  J0    =0.3920E-03  SIGNJ0=      1.0
 Associated length scales (meters)
 LQ    =      0.18  LM    =     18.89  Lm    =      0.66  Lb    =      0.00
                                       Lmp   =  99999.00  Lbp   =  99999.00
NON-DIMENSIONAL PARAMETERS
 FR0   =    100.32  R     =      3.71
 
FLOW CLASSIFICATION
 111111111111111111111111111111111111111111
 1  Flow class (CORMIX1)      =    H5-0   1  
 1  Applicable layer depth HS =     0.60  1
 111111111111111111111111111111111111111111
 
MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS
 C0    =0.5600E+03  CUNITS=  ppb                           
 NTOX  =  0
 NSTD  =  0
 REGMZ =  0
 XINT  =   1000.00  XMAX  =   1000.00
 
X-Y-Z COORDINATE SYSTEM:
    ORIGIN is located at the bottom and below the center of the port:
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        20.00 m  from the LEFT  bank/shore.
    X-axis points downstream, Y-axis points to left, Z-axis points upward.
NSTEP =  20 display intervals per module
-----------------------------------------------------------------------------   
BEGIN MOD101: DISCHARGE MODULE                                                
 
 COANDA ATTACHMENT immediately following the discharge.
 
       X        Y       Z        S       C       B
      0.00     0.00    0.00     1.0 0.560E+03   0.14
 
END OF MOD101: DISCHARGE MODULE                                               
-----------------------------------------------------------------------------   
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION                     
 
 Bottom-attached jet motion.
   UNSTABLE NEAR-FIELD: Jet/plume will mix over full layer depth.
   Following MOD133 will include recirculation into jet region.
  
 Profile definitions:
   B = Gaussian 1/e (37%) half-width, normal to trajectory
            Half wall jet, attached to bottom.
   S = hydrodynamic centerline dilution
   C = centerline concentration (includes reaction effects, if any)
 
       X        Y       Z        S       C       B
      0.00     0.00    0.00     1.0 0.560E+03   0.10
      0.69     0.00    0.00     1.0 0.534E+03   0.15
      1.38     0.00    0.00     1.5 0.380E+03   0.20
      2.07     0.00    0.00     1.9 0.296E+03   0.23
      2.77     0.00    0.00     2.3 0.242E+03   0.27
      3.46     0.00    0.00     2.7 0.205E+03   0.30
      4.15     0.00    0.00     3.1 0.179E+03   0.33
      4.84     0.00    0.00     3.5 0.158E+03   0.36
      5.53     0.00    0.00     3.9 0.142E+03   0.38
      6.22     0.00    0.00     4.3 0.130E+03   0.41
      6.92     0.00    0.00     4.7 0.119E+03   0.43
      7.61     0.00    0.00     5.1 0.110E+03   0.45
      8.30     0.00    0.00     5.5 0.103E+03   0.47
      8.99     0.00    0.00     5.8 0.960E+02   0.49
      9.68     0.00    0.00     6.2 0.904E+02   0.51
     10.37     0.00    0.00     6.6 0.854E+02   0.52
     11.07     0.00    0.00     6.9 0.810E+02   0.54
     11.76     0.00    0.00     7.3 0.771E+02   0.56
     12.45     0.00    0.00     7.6 0.736E+02   0.57
     13.15     0.00    0.00     8.0 0.704E+02   0.59
     13.84     0.00    0.00     8.3 0.675E+02   0.60
 Cumulative travel time =           9.1062 sec
 
END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION                    
-----------------------------------------------------------------------------   
BEGIN MOD133: LAYER BOUNDARY IMPINGEMENT/FULL VERTICAL MIXING                 
 



Table C.1 Continued
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  Control volume inflow:
       X        Y       Z        S       C       B
     13.84     0.00    0.00     8.3 0.675E+02   0.60
 
 Profile definitions:
   BV = layer depth (vertically mixed)
   BH = top-hat half-width, in horizontal plane normal to trajectory
   ZU = upper plume boundary (Z-coordinate)
   ZL = lower plume boundary (Z-coordinate)
   S  = hydrodynamic average (bulk) dilution
   C  = average (bulk) concentration (includes reaction effects, if any)
       X        Y       Z        S       C       BV       BH      ZU      ZL
     13.24     0.00    0.60     8.3 0.675E+02   0.00     0.00    0.60    0.60
     13.36     0.00    0.60     8.3 0.675E+02   0.60     0.11    0.60    0.00
     13.48     0.00    0.60     8.3 0.675E+02   0.60     0.15    0.60    0.00
     13.60     0.00    0.60     8.3 0.675E+02   0.60     0.19    0.60    0.00
     13.72     0.00    0.60     8.3 0.675E+02   0.60     0.22    0.60    0.00
     13.84     0.00    0.60     8.3 0.675E+02   0.60     0.24    0.60    0.00
     13.96     0.00    0.60     8.8 0.637E+02   0.60     0.27    0.60    0.00
     14.08     0.00    0.60     9.9 0.568E+02   0.60     0.29    0.60    0.00
     14.20     0.00    0.60    10.8 0.517E+02   0.60     0.31    0.60    0.00
     14.32     0.00    0.60    11.4 0.493E+02   0.60     0.33    0.60    0.00
     14.44     0.00    0.60    11.6 0.482E+02   0.60     0.35    0.60    0.00
 Cumulative travel time =           9.9955 sec
 
END OF MOD133: LAYER BOUNDARY IMPINGEMENT/FULL VERTICAL MIXING                
-----------------------------------------------------------------------------   
BEGIN MOD153: VERTICALLY MIXED PLUME IN CO-FLOW                               
 
 Phase 1: Vertically mixed, Phase 2: Re-stratified
 
 Phase 1: The plume is VERTICALLY FULLY MIXED over the entire layer depth.
 This flow region is INSIGNIFICANT in spatial extent and will be by-passed.
 
-----------------------------------------------------------------------------   
 Phase 2: The flow has RESTRATIFIED at the beginning of this zone.
 
 This flow region is INSIGNIFICANT in spatial extent and will be by-passed.
 
END OF MOD153: VERTICALLY MIXED PLUME IN CO-FLOW                              
-----------------------------------------------------------------------------   
** End of NEAR-FIELD REGION (NFR) **
  
 The initial plume WIDTH values in the next far-field module will be 
  CORRECTED by a factor  3.25 to conserve the mass flux in the far-field!
 The correction factor is quite large because of the small ambient velocity
   relative to the strong mixing characteristics of the discharge!
   This indicates localized RECIRCULATION REGIONS and internal hydraulic 
JUMPS.
   Width predictions show discontinuities, dilution values should be accept-
able.
-----------------------------------------------------------------------------   
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BEGIN MOD141: BUOYANT AMBIENT SPREADING                                       
 
 Discharge is non-buoyant or weakly buoyant.
 Therefore BUOYANT SPREADING REGIME is ABSENT.
 
END OF MOD141: BUOYANT AMBIENT SPREADING                                      
-----------------------------------------------------------------------------   
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT                       
  Vertical diffusivity (initial value)   = 0.970E-02 m^2/s
  Horizontal diffusivity (initial value) = 0.242E-01 m^2/s
 
 The passive diffusion plume is VERTICALLY FULLY MIXED at beginning of region.
 Profile definitions:
   BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically
      = or equal to layer depth, if fully mixed
   BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width,
        measured horizontally in Y-direction
   ZU = upper plume boundary (Z-coordinate)
   ZL = lower plume boundary (Z-coordinate)
   S  = hydrodynamic centerline dilution
   C  = centerline concentration (includes reaction effects, if any)
 Plume Stage 1 (not bank attached):
       X        Y       Z        S       C       BV       BH      ZU      ZL
     14.44     0.00    0.60    11.6 0.482E+02   0.60     1.12    0.60    0.00
     63.71     0.00    0.60    25.3 0.221E+02   0.60     2.45    0.60    0.00
    112.99     0.00    0.60    33.9 0.165E+02   0.60     3.28    0.60    0.00
    162.27     0.00    0.60    40.7 0.138E+02   0.60     3.93    0.60    0.00
    211.55     0.00    0.60    46.5 0.120E+02   0.60     4.49    0.60    0.00
    260.83     0.00    0.60    51.6 0.108E+02   0.60     4.99    0.60    0.00
    310.11     0.00    0.60    56.3 0.994E+01   0.60     5.45    0.60    0.00
    359.38     0.00    0.60    60.7 0.923E+01   0.60     5.86    0.60    0.00
    408.66     0.00    0.60    64.7 0.865E+01   0.60     6.26    0.60    0.00
    457.94     0.00    0.60    68.5 0.817E+01   0.60     6.62    0.60    0.00
    507.22     0.00    0.60    72.1 0.777E+01   0.60     6.97    0.60    0.00
    556.50     0.00    0.60    75.5 0.741E+01   0.60     7.30    0.60    0.00
    605.77     0.00    0.60    78.8 0.710E+01   0.60     7.62    0.60    0.00
    655.05     0.00    0.60    82.0 0.683E+01   0.60     7.92    0.60    0.00
    704.33     0.00    0.60    85.0 0.659E+01   0.60     8.22    0.60    0.00
    753.61     0.00    0.60    87.9 0.637E+01   0.60     8.50    0.60    0.00
    802.89     0.00    0.60    90.8 0.617E+01   0.60     8.77    0.60    0.00
    852.17     0.00    0.60    93.5 0.599E+01   0.60     9.04    0.60    0.00
    901.44     0.00    0.60    96.2 0.582E+01   0.60     9.30    0.60    0.00
    950.72     0.00    0.60    98.8 0.567E+01   0.60     9.55    0.60    0.00
   1000.00     0.00    0.60   101.3 0.553E+01   0.60     9.79    0.60    0.00
 Cumulative travel time =        1252.7207 sec
 
 Simulation limit based on maximum specified distance =   1000.00 m.
   This is the REGION OF INTEREST limitation.
 
END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT                      
-----------------------------------------------------------------------------   
CORMIX1: Single Port Discharges              End of Prediction File
11111111111111111111111111111111111111111111111111111111111111111111111111111
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Figure C.6 Comparison of measured field dye distribution and CORMIX1 predictions within 
cumulative discharge pattern



Figure C.5 Dye concentrations predicted by CORMIX1 plotted as a function of distance from 
right bank in schematized channel
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Figure C.7 Data preparation checklist for Shallow River design case for multiport diffuser using 
CORMIX2



CORMIX  Checklist for Data Preparation – Version v5.0
PROJECT LEGEND 



Project File Name:        SAMPLE 2 – CMX   Design Case:					LOW FLOW / Q10 
Site Name: B-PLANT SHALLOW RIVER Prepared By: ASR Date: 11.06.2007  



EFFLUENT DATA 
 Non-Fresh Water Effluent Density  Fresh Water Effluent Density



Density 0: ......................................kg/m3  Temperature T0:    22 °C   Density 0: ................................ kg/m3 



Discharge  Excess Concentration:   100 %      Effluent Flowrate Q0: 0.092.m3/s   Effluent Velocity U0: .................m/s



Pollutant Types 
Conservative  Non Conservative: ............................ ./day  Heated – Heat Loss Coefficient: ...................................W/m2/°C 
 Brine  Sediment: Chunks: .......... %  Sand: ........... %  Coarse Silt: .......... % Fine Silt: ........%  Clay: ........... %



 Total Sediment Concentration:............  kg/m3 
AMBIENT GEOMETRY / FLOW FIELD DATA 



Average Depth Ha:           0.30 m
Depth at Discharge Hd:   0.30 m 



 Unbounded
 



Bounded: Width BS:  50  m 
Appearance:     Uniform      Slight Meander      Highly Irregular 



Steady
 Ambient Flowrate Qa    8.10   m3/s 
Ambient Velocity Ua  ............................ m/s 



  Unsteady 
Period .............hr  Max Velocity Um .......... m/s Tidal Velocity at this Time  Ua: ............ m/s 



 At Time: ....hr Before Slack  At Slack –  Time: ..... hr  At Time: ....hr After Slack  



  Single Slope 
Slope S: .................................................... % 
Near Shore Velocity:................................. m/s 
Near Shore Darcy-Weisbach f: ....................  



  Near & Far Slope 
 Near Shore Slope S1 ............................%  Far Slope  S2: .................................. % 
 Near Shore Velocity Ua1........................m/s  Far Shore Velocity  Ua2: ................... m/s 
 Near Shore Darcy-Weisbach f1: ...............   Far Shore Darcy-Weisbach f2: ............  
 Breakpoint: ........................................... m 



Manning’s n:     0.03...........................   Wind Speed:   2.0  m/s 
AMBIENT  DENSITY DATA 



 Water Body: Fresh Water  Non-Fresh Water 
Uniform Fresh:  Temperature: 20 °C   Density  a: ....................  kg/ m3 Non-Fresh:  Density  a: .......................  kg/ m3 



 Type A  Type B:  Pycnocline Height: ............m  Type C:  Pycnocline Height: ..........m Jump: ........kg/ m3 / °C  Stratified Density :  At Surface as ..................  kg/m3/ °C At Bottom  ab: ..................................   kg/ m3 / °C 
 Brine & Sediment Only   Level 1 Density  1: ..   kg/ m3   Sub 1:............m;   Level 2 Density  2:.......kg/ m3   Sub 2: ........... m



DISCHARGE GEOMETRY DATA 
CORMIX 1 – Single Port CORMIX 2 – Multiport CORMIX 3 – Surface Discharge 



Nearest Bank:     Left  Right 
Dist. to Nearest Bank: ............................ m 
Vert. Angle 0:......°; Horiz. Angle 0: ..... ° 



 Port Diameter D0: ..............m   
 Port Area A0: ....................m2 



Submerged 
Port Height above Bottom h0: ................ m 



Above Surface 
Port Height above Surface...................... m 



 Jet-like   Spray  Area 
Deflector Plate: .  With    or  Without 



Nearest Bank:     Left  Right 
 Unidirectional     Staged    Altern./ Vert. 



No of openings:  7;     Diffuser Length: 15 m 
Dist. to 1nd end-point YB1:   12.5 m  
Dist. to 2st far end-point YB2:  27.5 m 
Port Height h0: 0.09  m  
Port Diameter D0: 0.0635 m 
Contraction Ratio: 1 



Angles (degrees) 
Vert. Angle :  0 °;     Horiz. Angle : 0°  
Align. Angle : 90°; Relat.Orient. Angle : 90°z
Nozzle Direction:   Same   or   Fanned Out 



Discharge Located:  Left  Right 
Horiz. Angle : ..........................°  
Local Depth at Discharge Outlet: ................. m



 Flush  Co-flowing  
 Protruding:  Distance from Bank: .......... m



Discharge Outlet 
 Channel: Width: ........m;  Depth b0: ..... m
 Pipe: Diameter D0: ................................ m 



Bottom Invert Depth:..................................... m
Local Bottom Slope at Chanel Entry:............ ° 



MIXING ZONE DATA 
  Non-Toxic Effluent



 WQ Standard: ..........................mg/l  No WQ Standard
  Toxic Effluent 
CMC :  ........................... ppb CCC : .................................... ppb



 Mixing Zone Specified   No Mixing Zone Specified
 Trajectory: ............m  Downstream Distance: ............m Width:      38   % / m ......   Area: .............................. % 



Region of Interest: 1000 m  Grid Intervals for Display:    20 
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messages within CORMIX2 to perform this additional 
prediction. 



Table C.2 CORMIX Session Report for B-Plant discharge into Shallow River with multiport diffuser



CORMIX SESSION REPORT:
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
                      CORMIX MIXING ZONE EXPERT SYSTEM
                          CORMIX Version 5.0GTR
                       HYDRO2:Version-5.0.1.0  August,2007
SITE NAME/LABEL:                B-Plant Shallow River
  DESIGN CASE:                  Low FLow /Q10
  FILE NAME:                    C:\cormix\source 5.0\Sample Files\Sample2.prd
  Using subsystem CORMIX2:     Multiport Diffuser Discharges
  Start of session:             11/12/2007--14:36:21
*****************************************************************************
SUMMARY OF INPUT DATA:
AMBIENT PARAMETERS:
  Cross-section                          = bounded
  Width                           BS     = 50 m
  Channel regularity              ICHREG = 2
  Ambient flowrate                QA     = 8.1 m^3/s
  Average depth                   HA     = 0.3 m
  Depth at discharge              HD     = 0.3 m
  Ambient velocity                UA     = 0.54 m/s
  Darcy-Weisbach friction factor  F      = 0.1054
    Calculated from Manning’s n          = 0.03
  Wind velocity                   UW     = 2 m/s
  Stratification Type             STRCND = U
  Surface temperature                    = 20 degC
  Bottom temperature                     = 20 degC
  Calculated FRESH-WATER DENSITY values:
  Surface density                 RHOAS  = 998.2051 kg/m^3
  Bottom density                  RHOAB  = 998.2051 kg/m^3
-----------------------------------------------------------------------------
DISCHARGE PARAMETERS:             Submerged Multiport Diffuser Discharge
  Diffuser type                   DITYPE = unidirectional perpendicular
  Diffuser length                 LD     = 15 m
  Nearest bank                           = right
  Diffuser endpoints              YB1    = 12.5 m;    YB2 = 27.5 m
  Number of openings              NOPEN  = 7
  Number of Risers                NRISER = 7
  Ports/Nozzles per Riser         NPPERR  = 1
  Spacing between risers/openings SPAC   = 2.5 m
  Port/Nozzle diameter            D0     = 0.0635 m
    with contraction ratio               = 1
  Equivalent slot width           B0     = 0.0015 m
  Total area of openings          TA0    = 0.0222 m^2
  Discharge velocity              U0     = 4.15 m/s
  Total discharge flowrate        Q0     = 0.092 m^3/s
  Discharge port height           H0     = 0.09 m
  Nozzle arrangement              BETYPE = unidirectional without fanning
  Diffuser alignment angle        GAMMA  = 90 deg
  Vertical discharge angle        THETA  = 0 deg
  Actual Vertical discharge angle THEAC  = 0 deg
  Horizontal discharge angle      SIGMA  = 0 deg
  Relative orientation angle      BETA   = 90 deg
  Discharge temperature (freshwater)     = 22 degC
  Corresponding density           RHO0   = 997.7714 kg/m^3
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  Density difference              DRHO   = 0.4337 kg/m^3
  Buoyant acceleration            GP0    = 0.0043 m/s^2
  Discharge concentration         C0     = 100 %
  Surface heat exchange coeff.    KS     = 0 m/s
  Coefficient of decay            KD     = 0 /s
FLUX VARIABLES PER UNIT DIFFUSER LENGTH:
  Discharge (volume flux)         q0     = 0.006133 m^2/s
  Momentum flux                   m0     = 0.025454 m^3/s^2
  Buoyancy flux                   j0     = 0.000026 m^3/s^3
DISCHARGE/ENVIRONMENT LENGTH SCALES:
  LQ  = 0.00 m         Lm  = 0.09 m         LM  = 28.81 m
  lm’ = 99999 m         Lb’ = 99999 m         La  = 99999 m
  (These refer to the actual discharge/environment length scales.)
NON-DIMENSIONAL PARAMETERS:
Slot Froude number              FR0    = 1653.84
  Port/nozzle Froude number       FRD0   = 252.31
  Velocity ratio                  R      = 7.69
MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:
  Toxic discharge                        = no
  Water quality standard specified       = no
  Regulatory mixing zone                 = yes
  Regulatory mixing zone specification   = width
  Regulatory mixing zone value           = 19 m (m^2 if area)
  Region of interest                     = 1000 m
*****************************************************************************
HYDRODYNAMIC CLASSIFICATION:
  *------------------------*
  | FLOW CLASS   = MU2 |
  *------------------------*
  This flow configuration applies to a layer corresponding to the full water
  depth at the discharge site.
  Applicable layer depth = water depth = 0.3 m
*****************************************************************************
MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):
X-Y-Z Coordinate system:
  Origin is located at the bottom below the port center:
    20 m from the right bank/shore.
  Number of display steps NSTEP = 20 per module.
NEAR-FIELD REGION (NFR) CONDITIONS :
Note: The NFR is the zone of strong initial mixing.  It has no regulatory
  implication.  However, this information may be useful for the discharge
  designer because the mixing in the NFR is usually sensitive to the
  discharge design conditions.
  Pollutant concentration at NFR edge  c = 3.3538 %
  Dilution at edge of NFR              s = 29.8
  NFR Location:                        x = 7.5 m
    (centerline coordinates)           y = 0 m
                                       z = 0.3 m
  NFR plume dimensions:  half-width (bh) = 6.73 m
                          thickness (bv) = 0.3 m
Cumulative travel time:       11.0427 sec.
-----------------------------------------------------------------------------
Buoyancy assessment:



Table C.2 Continued











 163



Submerged Single Port Discharge and Multiport Diffuser in Shallow River Appendix C



  The effluent density is less than the surrounding ambient water
  density at the discharge level.
  Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards
  the surface. 
Near-field instability behavior:
  The diffuser flow will experience instabilities with full vertical mixing
  in the near-field.
  There may be benthic impact of high pollutant concentrations.
FAR-FIELD MIXING SUMMARY:
  Plume becomes vertically fully mixed ALREADY IN NEAR-FIELD at 7.5 m
  downstream and continues as vertically mixed into the far-field.
PLUME BANK CONTACT SUMMARY:
  Plume in bounded section does not contact bank.
************************ TOXIC DILUTION ZONE SUMMARY ************************
No TDZ was specified for this simulation.
********************** REGULATORY MIXING ZONE SUMMARY ***********************
The plume conditions at the boundary of the specified RMZ are as follows:
  Pollutant concentration              c = 2.955541  %
  Corresponding dilution               s = 33.8
  Plume location:                      x = 384.53 m
    (centerline coordinates)           y = 0 m
                                       z = 0.3 m
  Plume dimensions:      half-width (bh) = 9.5 m
                          thickness (bv) = 0.3 m
Cumulative travel time:       701.3969 sec.
********************* FINAL DESIGN ADVICE AND COMMENTS **********************
CORMIX2 uses the TWO-DIMENSIONAL SLOT DIFFUSER CONCEPT to represent
  the actual three-dimensional diffuser geometry.  Thus, it approximates
  the details of the merging process of the individual jets from each
  port/nozzle.
In the present design, the spacing between adjacent ports/nozzles
  (or riser assemblies) is somewhat greater (in the range between
  three times to ten times) the local water depth.  It is unlikely
  that sufficient lateral interaction of adjacent jets will
  occur in the near-field.  However, the individual jets/plumes may merge
  soon after in the intermediate-field or in the far-field.



CORMIX2 may have LIMITED APPLICABILITY for this discharge situation.
  The results may be somewhat unrealistic in the near-field (minimum
  dilution may be overpredicted), but appear to be applicable for the
  intermediate- and far-field processes.
The user is advised to use a subsequent CORMIX1 (single port discharge)
  analysis, using discharge data for an individual diffuser jet/plume,
  in order to compare to the present near-field prediction.
-----------------------------------------------------------------------------
REMINDER:  The user must take note that HYDRODYNAMIC MODELING by any known
  technique is NOT AN EXACT SCIENCE.
Extensive comparison with field and laboratory data has shown that the
  CORMIX predictions on dilutions and concentrations (with associated
  plume geometries) are reliable for the majority of cases and are accurate
  to within about +-50% (standard deviation).
As a further safeguard, CORMIX will not give predictions whenever it judges
  the design configuration as highly complex and uncertain for prediction.
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Table C.3 CORMIX2 Prediction File for B-Plant discharge into Shallow River with multiport diffuser



CORMIX2 PREDICTION FILE:
22222222222222222222222222222222222222222222222222222222222222222222222222222
                       CORMIX MIXING ZONE EXPERT SYSTEM
         Subsystem CORMIX2:  Multiport Diffuser Discharges
                         CORMIX Version 5.0GTR                   
                      HYDRO2 Version 5.0.1.0 August 2007      
-----------------------------------------------------------------------------   
CASE DESCRIPTION
 Site name/label:   B-Plant Shallow RIver                                  
 Design case:       Low FLow /Q10                                          
 FILE NAME:         C:\cormix\source_5.0\Sample Files\Sample2.prd          
 Time stamp:        Mon Nov 12 14:36:21 2007
 
ENVIRONMENT PARAMETERS (metric units)
 Bounded section
 BS    =     50.00  AS    =     15.00  QA    =      8.10  ICHREG= 2
 HA    =      0.30  HD    =      0.30
 UA    =      0.540 F     =      0.105 USTAR =0.6199E-01
 UW    =      2.000 UWSTAR=0.2198E-02
 Uniform density environment
 STRCND=  U         RHOAM =  998.2051
DIFFUSER DISCHARGE PARAMETERS (metric units)
 Diffuser type:     DITYPE= unidirectional_perpendicular            
 BANK  =  RIGHT     DISTB =     20.00  YB1   =     12.50  YB2   =     27.50
 LD    =     15.00  NOPEN =    7       SPAC  =      2.50
 D0    =      0.064 A0    =      0.003 H0    =      0.09  SUB0  =      0.21
 Nozzle/port arrangement:   unidirectional_without_fanning          
 GAMMA =     90.00  THETA =      0.00  SIGMA =      0.00  BETA  =     90.00
 U0    =      4.150 Q0    =      0.092       =0.9200E-01
 RHO0  =  997.7714  DRHO0 =0.4337E+00  GP0   =0.4260E-02
 C0    =0.1000E+03  CUNITS=  %                             
 IPOLL =  1         KS    =0.0000E+00  KD    =0.0000E+00
FLUX VARIABLES - PER UNIT DIFFUSER LENGTH (metric units)
 q0    =0.6133E-02  m0    =0.2545E-01  j0    =0.2613E-04  SIGNJ0=      1.0
 Associated 2-d length scales (meters)
 lQ=B  =      0.001 lM    =     28.81  lm    =      0.09
 lmp   =  99999.00  lbp   =  99999.00  la    =  99999.00
FLUX VARIABLES - ENTIRE DIFFUSER (metric units)
 Q0    =0.9200E-01  M0    =0.3818E+00  J0    =0.3920E-03
 Associated 3-d length scales (meters)
 LQ    =      0.06  LM    =     24.53  Lm    =      1.14  Lb    =      0.00
                                       Lmp   =  99999.00  Lbp   =  99999.00
NON-DIMENSIONAL PARAMETERS
 FR0   =   1653.84  FRD0  =    252.31  R     =      7.69  PL    =     13.
 (slot)             (port/nozzle)
RECOMPUTED SOURCE CONDITIONS FOR RISER GROUPS:
 Properties of riser group with  1 ports/nozzles each:
 U0    =      4.150 D0    =      0.064 A0    =      0.003 THETA =      0.00
 FR0   =   1653.84  FRD0  =    252.31  R     =      7.69
 (slot)             (riser group)
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FLOW CLASSIFICATION
 222222222222222222222222222222222222222222
 2  Flow class (CORMIX2)      =    MU2    2  
 2  Applicable layer depth HS =     0.30  2
MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS
 C0    =0.1000E+03  CUNITS=  %                             
 NTOX  =  0
 NSTD  =  0
 REGMZ =  1
 REGSPC=  2         XREG  =      0.00  WREG  =     19.00  AREG  =      0.00
 XINT  =   1000.00  XMAX  =   1000.00
 
X-Y-Z COORDINATE SYSTEM:
    ORIGIN is located at the bottom and the diffuser mid-point:
        20.00 m  from the RIGHT bank/shore.
    X-axis points downstream, Y-axis points to left, Z-axis points upward.
NSTEP =  20 display intervals per module
-----------------------------------------------------------------------------   
BEGIN MOD201: DIFFUSER DISCHARGE MODULE                                       
 
 Due to complex near-field motions:  EQUIVALENT SLOT DIFFUSER (2-D) GEOMETRY
  
 Profile definitions:
   BV = Gaussian 1/e (37%) half-width, in vertical plane normal to trajectory
   BH = top-hat half-width, in horizontal plane normal to trajectory
   S  = hydrodynamic centerline dilution
   C  = centerline concentration (includes reaction effects, if any)
       X        Y       Z        S       C       BV       BH
      0.00     0.00    0.09     1.0 0.100E+03   0.00     7.50
END OF MOD201: DIFFUSER DISCHARGE MODULE                                      
-----------------------------------------------------------------------------   
BEGIN MOD271: ACCELERATION ZONE OF UNIDIRECTIONAL CO-FLOWING DIFFUSER         
 
 In this laterally contracting zone the diffuser plume becomes VERTICALLY 
FULLY 
  MIXED over the entire layer depth (HS =    0.30m).
   Full mixing is achieved after a plume distance of about five
   layer depths from the diffuser.
 
 Profile definitions:
   BV = layer depth (vertically mixed)
   BH = top-hat half-width, in horizontal plane normal to trajectory
   S  = hydrodynamic average (bulk) dilution
   C  = average (bulk) concentration (includes reaction effects, if any)
       X        Y       Z        S       C       BV       BH
      0.00     0.00    0.09     1.0 0.100E+03   0.00     7.50
      0.38     0.00    0.09    11.2 0.894E+01   0.08     7.39
      0.75     0.00    0.10    15.4 0.649E+01   0.15     7.30
      1.12     0.00    0.10    18.6 0.536E+01   0.23     7.22
      1.50     0.00    0.10    21.4 0.468E+01   0.30     7.15
      1.88     0.00    0.11    23.8 0.420E+01   0.30     7.09
      2.25     0.00    0.11    26.0 0.385E+01   0.30     7.04
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      2.62     0.00    0.11    28.0 0.358E+01   0.30     6.99
      3.00     0.00    0.11    29.8 0.335E+01   0.30     6.95
      3.38     0.00    0.12    29.8 0.335E+01   0.30     6.91
      3.75     0.00    0.12    29.8 0.335E+01   0.30     6.87
      4.12     0.00    0.12    29.8 0.335E+01   0.30     6.84
      4.50     0.00    0.13    29.8 0.335E+01   0.30     6.82
      4.88     0.00    0.13    29.8 0.335E+01   0.30     6.80
      5.25     0.00    0.13    29.8 0.335E+01   0.30     6.78
      5.62     0.00    0.14    29.8 0.335E+01   0.30     6.76
      6.00     0.00    0.14    29.8 0.335E+01   0.30     6.75
      6.38     0.00    0.14    29.8 0.335E+01   0.30     6.74
      6.75     0.00    0.14    29.8 0.335E+01   0.30     6.74
      7.12     0.00    0.15    29.8 0.335E+01   0.30     6.74
      7.50     0.00    0.15    29.8 0.335E+01   0.30     6.73
 Cumulative travel time =          11.0427 sec
   Plume centerline may exhibit slight discontinuities in transition
     to subsequent far-field module.
 
END OF MOD271: ACCELERATION ZONE OF UNIDIRECTIONAL CO-FLOWING DIFFUSER        
-----------------------------------------------------------------------------   
BEGIN MOD251: DIFFUSER PLUME IN CO-FLOW                                       
 
 Phase 1: Vertically mixed, Phase 2: Re-stratified
 
 Phase 1: The diffuser plume is VERTICALLY FULLY MIXED over the
          entire layer depth.
 This flow region is INSIGNIFICANT in spatial extent and will be by-passed.
-----------------------------------------------------------------------------   
 Phase 2: The flow has RESTRATIFIED at the beginning of this zone.
 
 This flow region is INSIGNIFICANT in spatial extent and will be by-passed.
 
END OF MOD251: DIFFUSER PLUME IN CO-FLOW                                      
-----------------------------------------------------------------------------   
** End of NEAR-FIELD REGION (NFR) **
  
 The initial plume WIDTH values in the next far-field module will be 
  CORRECTED by a factor  1.24 to conserve the mass flux in the far-field!
-----------------------------------------------------------------------------   
BEGIN MOD241: BUOYANT AMBIENT SPREADING                                       
 
 Discharge is non-buoyant or weakly buoyant.
   Therefore BUOYANT SPREADING REGIME is ABSENT.
 
END OF MOD241: BUOYANT AMBIENT SPREADING                                      
-----------------------------------------------------------------------------   
BEGIN MOD261: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT                       
 
  Vertical diffusivity (initial value)   = 0.372E-02 m^2/s
  Horizontal diffusivity (initial value) = 0.930E-02 m^2/s
 
 The passive diffusion plume is VERTICALLY FULLY MIXED at beginning of region.



Table C.3 Continued
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 Profile definitions:
   BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically
      = or equal to layer depth, if fully mixed
   BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width,
        measured horizontally in Y-direction
   ZU = upper plume boundary (Z-coordinate)
   ZL = lower plume boundary (Z-coordinate)
   S  = hydrodynamic centerline dilution
   C  = centerline concentration (includes reaction effects, if any)
 Plume Stage 1 (not bank attached):
       X        Y       Z        S       C       BV       BH      ZU      ZL
      7.50     0.00    0.30    29.8 0.335E+01   0.30     8.37    0.30    0.00
     57.12     0.00    0.30    30.4 0.329E+01   0.30     8.53    0.30    0.00
    106.75     0.00    0.30    30.9 0.323E+01   0.30     8.68    0.30    0.00
    156.38     0.00    0.30    31.5 0.318E+01   0.30     8.83    0.30    0.00
    206.00     0.00    0.30    32.0 0.313E+01   0.30     8.98    0.30    0.00
    255.62     0.00    0.30    32.5 0.308E+01   0.30     9.13    0.30    0.00
    305.25     0.00    0.30    33.0 0.303E+01   0.30     9.27    0.30    0.00
    354.88     0.00    0.30    33.5 0.298E+01   0.30     9.42    0.30    0.00
 ** REGULATORY MIXING ZONE BOUNDARY **
 In this prediction interval the TOTAL plume width meets or exceeds
 the regulatory value =    19.00 m.
 This is the extent of the REGULATORY MIXING ZONE.
    404.50     0.00    0.30    34.0 0.294E+01   0.30     9.56    0.30    0.00
    454.12     0.00    0.30    34.5 0.290E+01   0.30     9.69    0.30    0.00
    503.75     0.00    0.30    35.0 0.286E+01   0.30     9.83    0.30    0.00
    553.38     0.00    0.30    35.5 0.282E+01   0.30     9.96    0.30    0.00
    603.00     0.00    0.30    36.0 0.278E+01   0.30    10.10    0.30    0.00
    652.62     0.00    0.30    36.4 0.275E+01   0.30    10.23    0.30    0.00
    702.25     0.00    0.30    36.9 0.271E+01   0.30    10.36    0.30    0.00
    751.88     0.00    0.30    37.3 0.268E+01   0.30    10.48    0.30    0.00
    801.50     0.00    0.30    37.8 0.265E+01   0.30    10.61    0.30    0.00
    851.12     0.00    0.30    38.2 0.262E+01   0.30    10.73    0.30    0.00
    900.75     0.00    0.30    38.7 0.259E+01   0.30    10.86    0.30    0.00
    950.38     0.00    0.30    39.1 0.256E+01   0.30    10.98    0.30    0.00
   1000.00     0.00    0.30    39.5 0.253E+01   0.30    11.10    0.30    0.00
 Cumulative travel time =        1828.3644 sec
 
 Simulation limit based on maximum specified distance =   1000.00 m.
   This is the REGION OF INTEREST limitation.
 
END OF MOD261: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT                      
-----------------------------------------------------------------------------   
Because of the fairly LARGE SPACING between adjacent risers/nozzles/ports,
  the above results may be UNRELIABLE in the immediate near-field of 
  the diffuser.
A SUBSEQUENT APPLICATION OF CORMIX1 IS RECOMMENDED to provide more detail
  for one of the individual jets/plumes in the initial region 
before merging.
-----------------------------------------------------------------------------   
CORMIX2: Multiport Diffuser Discharges       End of Prediction File
22222222222222222222222222222222222222222222222222222222222222222222222222222
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Figure C.8 CORMIX2 prediction for B-Plant multiport diffuser discharge in Shallow River. 
Examples of different graphics plots: a) Plan view over entire reach, b) equivalent 
undistorted plan view, and c) side view of near-field only.



a)



b)



c)
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Figure C.10 Predicted plume centerline concentrations for multiport diffuser design (CORMIX1) 
in comparison to single port design (CORMIX2)



Figure C.9 Results of cumulative discharge interpretation of CORMIX2 prediction for B-Plant 
multiport diffuser discharge in Shallow River



0



5



10



15



20



200 400 600 800 1000



CORMIX2 Prediction for
Proposed 7-Nozzle Multiport Diffuser



CORMIX1 Prediction for Plume from
One Nozzle of Multiport Diffuser



CORMIX1 Prediction for Existing
Single Port Discharge



Distance Along
Plume (ft)



Plume
Centerline
Concentration
(%)



Zone of
Merging



Diffuser
(7 nozzles)



B - Plant



0



20



40



0 ft



50
100



200



300



400



500



1000 ft



750



Pollutant
Conc. %











CORMIX User Manual



170 



This page has been intentionally left blank











 171



Buoyant Surface Discharge In An Estuary Appendix D



Estuarine conditions are characterized by highly 
variable ambient conditions during the tidal cycle. 
This case study provides a short application example 
for a buoyant surface discharge from a large 
manufacturing plant discharging its process water 
into an estuary.



D.1 Problem Statement
A manufacturing plant (C-Plant) is using process 
water at a capacity of 2.2 m3/s	 (≈	 50	 mgd).	 The	
process water is essentially fresh water with a 
discharge temperature of 22.0 oC and contains 
copper at a concentration of 80 µg/l.



The plant is located at the shore of an estuary. 
Figure D.1 shows the bottom bathymetry at the plant 
location; two transects have been measured and 
show a relatively rapid drop-off from the MSL line to a 
depth of about 5 m below MSL. It is proposed to build 
a discharge channel with a bottom elevation of about 
1.0 m below MSL and a width of 2.0 m. Thus, given 
the tidal variation at the discharge location indicated 
in Figure D.1, the actual channel depth will vary from 
a maximum of about 1.8 m at MHW to a minimum of 
about 0.5 at MLW, with corresponding adjustments in 
the discharge velocity.



Figure	 D.2	 shows	 data	 from	 oceanographic	 field	
surveys near the discharge site with ambient velocity 
variations	 from	 about	 +0.7	m/s	 for	 flood	 tide	 and	 to	
about	 -0.7	m/s	 for	ebb	 tide.	 	Figure	D.2	also	shows	
the tidal elevation variations from -0.7 m below MSL 
at	 ebb	 to	 +1.1	m	 above	MSL	 at	 flood.	 The	 estuary	
has brackish water with mean salinity of about 26 ppt, 
yielding	 a	 density	 of	 about	 1018	 kg/m3	 (see	Figure 
4.7 as an aid).



State regulations specify a mixing zone of about 250 
m extending in any direction from the discharge point. 
The CMC and CCC values for copper are 25 and 15 
µg/l,	respectively.



D.2 Steady State Simulation 
(for reference)



Although it is to be expected that the surface 
discharge plume for this situation will be quite 
variable in appearance and mixing characteristics 
due to the tidal reversal, a steady state simulation 
will be performed to illustrate the basic CORMIX3 
application in a time invariant ambient receiving 
water. Furthermore, this simulation will be used as a 
basis for comparison in the next selection, where tidal 
CORMIX simulations are appropriately performed in 
order to determine the time evolution in this highly 
unsteady environment.



Assume that the conditions one hour after low water 
slack tide (LWS) represent that in a large steady river 
(t = 11.7 h, point b, Figure D.2). This design condition 
is represented by a water level 0.35 m below MSL 
and	 an	 ambient	 velocity	 of	 0.22	 m/s.	 As	 shown	 in	
Figure D.1, the ambient water body is schematized 
as unbounded, with an average depth of 6 m at 
MSL, a local depth of 2.5 m at MSL (1.5 m below the 
discharge channel mouth), and a bottom slope of 11°.



Figure D.3 presents the input data checklist and 
Table	 D.1	 shows	 the	 CORMIX3	 prediction	 file	 (the	
session report is omitted here for brevity) for the 
steady state reference condition one hour after low 
water slack (LWS).  The shallow discharge channel 
(depth of 0.65 m) produces a relatively weak free jet 
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Figure D.1 Bathymetric conditions in Estuary in vicinity of C-Plant surface discharge
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(flow	class	FJ1).	After	a	few	meters	offshore	distance,	
the initial jet momentum is overwhelmed by the high 
discharge buoyancy, and forms a surface plume 
which	 is	 weakly	 deflected	 by	 the	 ambient	 crossflow	
(MOD310). In this region, buoyant forces rapidly thin 
and spread the plume horizontally. Both the CCC and 
CMC are met within this region, (and also within the 
regulatory mixing zone) as is displayed by CORMIX 
in	 the	 prediction	 file.	 The	 plume	 then	 becomes	
strongly	 deflected	 and	 finally	 contacts	 the	 shoreline	
some 597 m downstream. While the plume becomes 
attached to the shoreline, it spreads through weak 
buoyant forces (MOD341), until the end of the region 
of interest (2000 m). Figure D.4 shows the above 
behavior.



D.3 Detailed Tidal Simulations



A high variation in both ambient velocity and tidal 
elevation occurs during the tidal episode shown in 
Figure D.2. The changing water height produces 
a	 discharge	 velocity	 which	 varies	 from	 0.55	m/s	 (at	
HWS,	point	 e)	 to	 2.75	m/s	 (at	 LWS,	point	 a).	When	
combined	with	the	large	buoyancy	flux,	this	produces	
flows	which	change	 from	momentum	dominated	 jets	
to highly buoyant plumes in a short period of time. 
Simultaneously, the time-variant ambient velocity 
(which	 ranges	 from	 stagnant	 to	 0.75	m/s)	 produces	
flows	which	are	free	and	unattached	at	slack	tide,	yet	
become	strongly	shore-hugging	at	maximum	flood	or	
ebb currents.



In such highly time-variant ambient conditions, it is 
recommended that several CORMIX predictions be 
performed at critical tidal conditions throughout a 
reversal episode. These critical tidal conditions are 
identified	as:



1.	 Shortly	after	slack	tide:	Effects	of	re-entrainment	
of discharge from the previous half-cycle are 
greatest.	 However,	 the	 flow	 is	 evolving	 rapidly	
in time, causing CORMIX tidal predictions to 
be limited in spatial extent. Several predictions 
should be made at hourly or half hourly intervals 
following the reversal.



2.	 Maximum	 flood	 and	 ebb	 currents:	 These	



represent extremes of along-shore extent and 
shoreline interaction. Re-entrainment will be less 
important at these times.



For the present scenario, it is suggested that up 
to seven simulations be performed at the times 
indicated on Figure D.2 by the letters a-g. In the 
following section, a detailed simulation is performed 
corresponding to time b, one hour after slack tide. 
The results are contrasted for that case to the steady-
state assumption simulated in the preceding.



D.4 Tidal simulation one hour 
after slack tide



A detailed example of the tidal simulation capability of 
CORMIX is presented in this section, using conditions 
corresponding to those in Section D.2 (see Figure 
D.2, time b). To perform a CORMIX tidal simulation, 
four	additional	pieces	of	data	are	required:



1. The tidal period (usually 12.4 hours for a semi-
diurnal tidal cycle)



2. The time of simulation (in hours relative to slack 
tide)



3. The ambient velocity at the time of simulation



4. The maximum velocity which occurs during the 
tidal cycle



From this data, CORMIX calculates the rate of 
reversal (dua/dt)	and	 related	unsteady	 length	scales	
(Lu, Tu, [ L m]  min, see Table 5.4), and determines 
the spatial extent of CORMIX applicability and the re-
entrainment and build-up caused by the reversal of 
ambient	current.	(Note:	If	a	simulation	is	performed	at	
slack tide, then the time of simulation is t = 0 h, and 
the ambient velocity is set to ua	=	0	m/s.)	However,	
in order to calculate the reversal rate, CORMIX 
requires input of the ambient velocity at an other 
time near reversal (for example, at one hour before 
or after slack tide). This information is only used to 
determine the limit of spatial applicability for the slack 
tide simulation.











CORMIX User Manual



174 



For this application, the time of simulation is one hour 
after slack tide. The ambient velocity at this time is ua 
=	0.22	m/s,	and	 the	ambient	and	discharge	channel	
depths are the same as in Section D.2. The maximum 
ambient	velocity	during	the	tidal	cycle	is	0.75	m/s.	For	
this simulation, the data preparation checklist is given 
in Figure D.5.



Table D.2 lists the CORMIX session report and 
Table	 D.3	 the	 CORMIX3	 prediction	 file	 for	 this	
tidal application. Two important consequences are 
evident when comparing Table D.3 and Table D.1 
(corresponding	steady-state	simulation):	



1.	 A	concentration	build-up	in	the	near-field,	and	



2. The termination of the plume prediction after 
some distance. 



The latter distance is the region over which a 
reasonably steady-state plume can establish itself 
within the time-varying tidal environment. The 
theoretical background for these procedures is given 
in the report on recent CORMIX enhancements (8).



The results of the tidal simulations are shown 
graphically in Figure D.6. The most obvious difference 
in the tidal CORMIX prediction at this time is that the 
maximum predicted downstream distance is limited 
to	275	m	in	the	x-direction.	Furthermore,	a	significant	
increase in the pollutant concentration (copper) is 
observed at the edge of the RMZ (compare Figure 
D.4b and D.6b at a distance of 250 m downstream) in 
the tidal application as a result of tidal re-entrainment. 
As a result, the copper concentration at the RMZ is 
18 µg/L	 as	 opposed	 to	 10	µg/L	 for	 the	 steady	 state	
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Figure D.3 Data preparation checklist for CORMIX3 steady-state simulation for C-Plant estuary 
discharge



CORMIX  Checklist for Data Preparation – Version v5.0
PROJECT LEGEND 



Project File Name:        SAMPLE 3 – CMX   Design Case:					STEADY – STATE 1 HOUR AFTER SLACK 
Site Name: C-PLANT ESTUARY Prepared By: ASR Date: 11.06.2007  



EFFLUENT DATA 
 Non-Fresh Water Effluent Density  Fresh Water Effluent Density



Density 0: ......................................kg/m3  Temperature T0:    22.........°C  Density 0: ................................ kg/m3 



Discharge  Excess Concentration:   80 micro-g/l Effluent Flowrate Q0:    2.2  m3/s   Effluent Velocity U0: .................m/s



Pollutant Types 
Conservative  Non Conservative: ............................ ./day  Heated – Heat Loss Coefficient: ...................................W/m2/°C 
 Brine  Sediment: Chunks: .......... %  Sand: ........... %  Coarse Silt: .......... % Fine Silt: ........%  Clay: ........... %



 Total Sediment Concentration:............  kg/m3 
AMBIENT GEOMETRY / FLOW FIELD DATA 



Average Depth Ha:           5.65 m
Depth at Discharge Hd:   5.65 m 



 Unbounded
 



 Bounded: Width BS: ....................m 
Appearance:     Uniform      Slight Meander      Highly Irregular 



Steady
 Ambient Flowrate Qa............................  m3/s 
 Ambient Velocity Ua      0.22   m/s 



  Unsteady 
Period .............hr  Max Velocity Um .......... m/s Tidal Velocity at this Time  Ua: ............ m/s 



 At Time: ....hr Before Slack  At Slack –  Time: ..... hr  At Time: ....hr After Slack  



  Single Slope 
Slope S: .................................................... % 
Near Shore Velocity:................................. m/s 
Near Shore Darcy-Weisbach f: ....................  



  Near & Far Slope 
 Near Shore Slope S1 ............................%  Far Slope  S2: .................................. % 
 Near Shore Velocity Ua1........................m/s  Far Shore Velocity  Ua2: ................... m/s 
 Near Shore Darcy-Weisbach f1: 0.025    Far Shore Darcy-Weisbach f2:   
 Breakpoint: ........................................... m 



 Manning’s n:    ....................................   Wind Speed:   2.0  m/s 
AMBIENT  DENSITY DATA 



 Water Body:  Fresh Water Non-Fresh Water 
Uniform Fresh:  Temperature: ...........°C  Density  a: ....................  kg/ m3 Non-Fresh:  Density  a: 1018  kg/ m3 



 Type A  Type B:  Pycnocline Height: ............m  Type C:  Pycnocline Height: ...........m Jump: ........kg/ m3 / °C  Stratified Density :  At Surface as:  ..........................kg/m3/ °C At Bottom  ab: ................................. kg/ m3 / °C 
 Brine & Sediment Only   Level 1 Density  1: ..   kg/ m3   Sub 1:............m;   Level 2 Density  2:.......kg/ m3   Sub 2: ........... m



DISCHARGE GEOMETRY DATA 
CORMIX 1 – Single Port CORMIX 2 – Multiport CORMIX 3 – Surface Discharge 



Nearest Bank:     Left  Right 
Dist. to Nearest Bank: ............................ m 
Vert. Angle 0:......°; Horiz. Angle 0: ..... ° 



 Port Diameter D0: ..............m   
 Port Area A0: ....................m2 



Submerged 
Port Height above Bottom h0: ................ m 



Above Surface 
Port Height above Surface...................... m 



 Jet-like   Spray  Area 
Deflector Plate: .  With    or  Without 



Nearest Bank:     Left  Right 
 Unidirectional     Staged    Altern./ Vert. 



No of openings: ......... ;  Diffuser Length:.......... m 
Dist. to 1nd end-point YB1: ..................m  
Dist. to 2st far end-point YB2: ..............m 
Port Height h0: ..........m;  Port Diameter D0: .... m 
Contraction Ratio:...........  



Angles (degrees) 
Vert. Angle :........ °; Horiz. Angle : ................ ° 
Align. Angle : ...... °; Relat.Orient. Angle :...... °
Nozzle Direction:   Same   or   Fanned Out 



Discharge Located:  Left Right 
Horiz. Angle :   90 ° 
Local Depth at Discharge Outlet: 2.15  m 



 Flush  Co-flowing  
 Protruding:  Distance from Bank: .......... m 



Discharge Outlet 
 Channel: Width: 2.0 m;  Depth b0:0.65m 
 Pipe: Diameter D0: ................................ m  



Bottom Invert Depth:..................................... m 
Local Bottom Slope at Chanel Entry: 11 ° 



MIXING ZONE DATA 
  Non-Toxic Effluent



 WQ Standard: ..........................mg/l  No WQ Standard
  Toxic Effluent 
CMC :        25   micro-g/l  CCC : 15    micro-g/l



  Mixing Zone Specified   No Mixing Zone Specified
 Trajectory: ............m  Downstream Distance: 250 m.  Width: .....................% / m   Area: .............................. % 



Region of Interest: 2000...........m Grid Intervals for Display:    20 ............................................  
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Table D.1  CORMIX3 Prediction Steady-Sate Prediction File for Surface Buoyant Discharge



CORMIX3 PREDICTION FILE:
33333333333333333333333333333333333333333333333333333333333333333333333333333
                       CORMIX MIXING ZONE EXPERT SYSTEM
                Subsystem CORMIX3:   Buoyant Surface Discharges
                         CORMIX-GI Version 5.0GTR                
                      HYDRO3 Version 5.0.0.0 October 2006     
-----------------------------------------------------------------------------   
CASE DESCRIPTION
 Site name/label:   C-Plant Estuary                                        
 Design case:       Steady-state 1 hour after slack                        
 FILE NAME:         C:\cormix\source_5.0\Sample Files\Sample3.prd          
 Time stamp:        Tue Aug 29 11:45:21 2006
 
ENVIRONMENT PARAMETERS (metric units)
 Unbounded section
 HA    =      5.65  HD    =      5.65
 UA    =      0.220 F     =      0.025 USTAR =0.1230E-01
 UW    =      2.000 UWSTAR=0.2198E-02
 Uniform density environment
 STRCND=  U         RHOAM = 1018.0000
DISCHARGE PARAMETERS (metric units)
 BANK  =  RIGHT     DISTB =      0.00  Configuration: flush_discharge     
 SIGMA =     90.00  HD0   =      2.15  SLOPE =   11.00 deg.
 Rectangular channel geometry:
 B0    =      2.000 H0    =      0.650 A0    =0.1300E+01  AR    =      0.325
 U0    =      1.692 Q0    =      2.200       =0.2200E+01
 RHO0  =  997.7714  DRHO0 =0.2023E+02  GP0   =0.1949E+00
 C0    =0.8000E+02  CUNITS=  mg/l                          
 IPOLL =  1         KS    =0.0000E+00  KD    =0.0000E+00
FLUX VARIABLES (metric units)
 Q0    =0.2200E+01  M0    =0.3723E+01  J0    =0.4287E+00
 Associated length scales (meters)
 LQ    =      1.14  LM    =      4.09  Lm    =      8.77  Lb    =     40.26
NON-DIMENSIONAL PARAMETERS
 FR0   =      3.59  FRCH  =      4.76  R     =      7.69
FLOW CLASSIFICATION
 333333333333333333333333333333333333333333
 3  Flow class (CORMIX3)      =    FJ1    3  
 3  Applicable layer depth HS =     5.65  3
 333333333333333333333333333333333333333333
MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS
 C0    =0.8000E+02  CUNITS=  mg/l                          
 NTOX  =  1         CMC   =0.2500E+02  CCC   =  CSTD
 NSTD  =  1         CSTD  =0.1500E+02
 REGMZ =  1
 REGSPC=  1         XREG  =    250.00  WREG  =      0.00  AREG  =      0.00
 XINT  =   2000.00  XMAX  =   2000.00
 
X-Y-Z COORDINATE SYSTEM:
    ORIGIN is located at the WATER SURFACE and at center of discharge
      channel/outlet:      0.00 m  from the RIGHT bank/shore.
    X-axis points downstream
    Y-axis points to left as seen by an observer looking downstream
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    Z-axis points vertically upward (in CORMIX3, all values Z = 0.00)
NSTEP =  10 display intervals per module
-----------------------------------------------------------------------------   
BEGIN MOD301: DISCHARGE MODULE                                                
  Efflux conditions:
       X        Y       Z        S       C       BV       BH
      0.00     0.00    0.00     1.0 0.800E+02   0.65     1.00
END OF MOD301: DISCHARGE MODULE                                               
-----------------------------------------------------------------------------   
BEGIN MOD302: ZONE OF FLOW ESTABLISHMENT                                      
  Control volume inflow:
       X        Y       Z        S       C       BV       BH
      0.00     0.00    0.00     1.0 0.800E+02   0.65     1.00
 Profile definitions:
   BV = Gaussian 1/e (37%) vertical thickness
   BH = Gaussian 1/e (37%) horizontal half-width, normal to trajectory
   S = hydrodynamic centerline dilution
   C = centerline concentration (includes reaction effects, if any)
   Control volume outflow:                                  SIGMAE=     89.20
       X        Y       Z        S       C       BV       BH
      0.09     6.54    0.00     1.0 0.800E+02   0.54     1.85
 Cumulative travel time =           3.8660 sec
 END OF MOD302: ZONE OF FLOW ESTABLISHMENT                                     
-----------------------------------------------------------------------------   
BEGIN CORSURF (MOD310): BUOYANT SURFACE JET - NEAR-FIELD REGION               
 Surface jet in deep crossflow with strong buoyancy effects.
  
 Profile definitions:
   BV = Gaussian 1/e (37%) vertical thickness
   BH = Gaussian 1/e (37%) horizontal half-width, normal to trajectory
   S = hydrodynamic centerline dilution
   C = centerline concentration (includes reaction effects, if any)
       X        Y       Z        S       C       BV       BH
      0.09     6.54    0.00     1.0 0.800E+02   0.54     1.85
** CMC HAS BEEN FOUND **
 The pollutant concentration in the plume falls below CMC value of 0.250E+02
   in the current prediction interval.
 This is the extent of the TOXIC DILUTION ZONE.
     22.78    51.16    0.00     4.5 0.178E+02   0.71    20.12
** WATER QUALITY STANDARD OR CCC HAS BEEN FOUND **
 The pollutant concentration in the plume falls below water quality standard
   or CCC value of 0.150E+02 in the current prediction interval.
 This is the spatial extent of concentrations exceeding the water quality 
   standard or CCC value.
     61.61    83.04    0.00     5.7 0.141E+02   0.57    35.37
    105.07   108.40    0.00     6.4 0.124E+02   0.50    48.25
    150.98   130.04    0.00     7.0 0.114E+02   0.45    59.67
    197.66   148.90    0.00     7.5 0.107E+02   0.42    69.89
    245.06   165.87    0.00     7.9 0.101E+02   0.39    79.28
 ** REGULATORY MIXING ZONE BOUNDARY is within the Near-Field Region (NFR) **
 In this prediction interval the plume DOWNSTREAM distance meets or exceeds
 the regulatory value =   250.00 m.
 This is the extent of the REGULATORY MIXING ZONE.
    293.35   181.51    0.00     8.3 0.966E+01   0.37    88.07
    341.61   195.86    0.00     8.6 0.928E+01   0.36    96.25
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    390.14   209.26    0.00     8.9 0.897E+01   0.34   103.98
    438.89   221.86    0.00     9.2 0.869E+01   0.33   111.33
 Cumulative travel time =        1702.8542 sec
END OF CORSURF (MOD310): BUOYANT SURFACE JET - NEAR-FIELD REGION              
-----------------------------------------------------------------------------   
** End of NEAR-FIELD REGION (NFR***) **
-----------------------------------------------------------------------------   
 The initial plume WIDTH/THICKNESS VALUE in the next far-field module will be 
  CORRECTED by a factor  1.11 to conserve the mass flux in the far-field!
BEGIN MOD341: BUOYANT AMBIENT SPREADING                                       
 Profile definitions:
   BV = top-hat thickness,measured vertically
   BH = top-hat half-width, measured horizontally from bank/shoreline
   S  = hydrodynamic average (bulk) dilution
   C  = average (bulk) concentration (includes reaction effects, if any)
 Plume Stage 1 (not bank attached):
       X        Y       Z        S       C       BV       BH
    438.89   221.86    0.00     9.2 0.869E+01   0.37   123.91
    454.72   221.86    0.00     9.4 0.847E+01   0.35   135.91
    470.55   221.86    0.00     9.7 0.828E+01   0.33   147.23
    486.37   221.86    0.00     9.9 0.811E+01   0.31   157.97
    502.20   221.86    0.00    10.1 0.796E+01   0.30   168.22
    518.03   221.86    0.00    10.2 0.782E+01   0.29   178.03
    533.86   221.86    0.00    10.4 0.770E+01   0.28   187.45
    549.68   221.86    0.00    10.6 0.758E+01   0.27   196.52
    565.51   221.86    0.00    10.7 0.747E+01   0.26   205.28
    581.34   221.86    0.00    10.9 0.737E+01   0.25   213.76
    597.17   221.86    0.00    11.0 0.727E+01   0.25   221.97
 Cumulative travel time =        2422.2896 sec
-----------------------------------------------------------------------------   
 Plume is ATTACHED to RIGHT bank/shore.
   Plume width is now determined from RIGHT bank/shore.
 
 Plume Stage 2 (bank attached):
       X        Y       Z        S       C       BV       BH
    597.17     0.00    0.00    11.0 0.727E+01   0.25   443.71
    737.45    -0.00    0.00    11.7 0.682E+01   0.23   501.47
    877.73    -0.00    0.00    12.5 0.641E+01   0.23   553.68
   1018.02    -0.00    0.00    13.3 0.602E+01   0.22   601.76
   1158.30    -0.00    0.00    14.1 0.566E+01   0.22   646.67
   1298.58    -0.00    0.00    15.1 0.530E+01   0.22   689.07
   1438.87    -0.00    0.00    16.1 0.497E+01   0.22   729.44
   1579.15    -0.00    0.00    17.2 0.466E+01   0.22   768.15
   1719.43    -0.00    0.00    18.4 0.436E+01   0.23   805.49
   1859.72    -0.00    0.00    19.6 0.408E+01   0.23   841.66
   2000.00    -0.00    0.00    21.0 0.381E+01   0.24   876.85
 Cumulative travel time =        8798.8037 sec
 
 Simulation limit based on maximum specified distance =   2000.00 m.
   This is the REGION OF INTEREST limitation.
END OF MOD341: BUOYANT AMBIENT SPREADING                                      
-----------------------------------------------------------------------------   
CORMIX3: Buoyant Surface Discharges                    End of Prediction File
33333333333333333333333333333333333333333333333333333333333333333333333333333
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Figure D.4 CORMIX3 prediction of surface discharge from C-Plant into Estuary using a steady-
state simulation. a) Plume shape in near- and far-field, and b) concentration along 
plume centerline.



a)



b)
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simulation, which exceeds the CCC at this distance.



Figure D.5 Data preparation checklist for C-Plant discharge into Estuary design case for 
unsteady tidal conditions using CORMIX3



CORMIX  Checklist for Data Preparation – Version v5.0
PROJECT LEGEND 



Project File Name:        SAMPLE 3T – CMX   Design Case:					TIDAL SIMULATION 1 HOUR AFTER SLACK 
Site Name: C-PLANT ESTUARY Prepared By: ASR Date: 11.06.2007  



EFFLUENT DATA 
 Non-Fresh Water Effluent Density  Fresh Water Effluent Density



Density 0: ......................................kg/m3  Temperature T0:    22.........°C  Density 0: ................................ kg/m3 



Discharge  Excess Concentration:   80  micro-g/l  Effluent Flowrate Q0:    2.20m3/s   Effluent Velocity U0: .................m/s



Pollutant Types 
Conservative  Non Conservative: ............................ ./day  Heated – Heat Loss Coefficient: ...................................W/m2/°C 
 Brine  Sediment: Chunks: .......... %  Sand: ........... %  Coarse Silt: .......... % Fine Silt: ........%  Clay: ........... %



 Total Sediment Concentration:............  kg/m3 
AMBIENT GEOMETRY / FLOW FIELD DATA 



Average Depth Ha:           5.65 m
Depth at Discharge Hd:   5.65 m 



 Unbounded
 



 Bounded: Width BS: ....................m 
Appearance:     Uniform      Slight Meander      Highly Irregular 



 Steady
 Ambient Flowrate Qa............................ m3/s 
 Ambient Velocity Ua ............................. m/s 



  Unsteady 
Period 12.04 hr  Max Velocity Um 0.75 m/s Tidal Velocity at this Time  Ua: 0.22 m/s 



 At Time: ....hr Before Slack  At Slack –  Time: ..... hr  At Time: 1 hr After Slack  



  Single Slope 
Slope S: .................................................... % 
Near Shore Velocity:................................. m/s 
Near Shore Darcy-Weisbach f: ....................  



  Near & Far Slope 
 Near Shore Slope S1 ............................%  Far Slope  S2: .................................. % 
 Near Shore Velocity Ua1........................m/s  Far Shore Velocity  Ua2: ................... m/s 
 Near Shore Darcy-Weisbach f1: 0.025    Far Shore Darcy-Weisbach f2:   
 Breakpoint: ........................................... m 



 Manning’s n:    ....................................   Wind Speed:   2.0  m/s 
AMBIENT  DENSITY DATA 



 Water Body:  Fresh Water Non-Fresh Water 
Uniform Fresh:  Temperature: ...........°C  Density  a: ....................  kg/ m3 Non-Fresh:  Density  a: 1018  kg/ m3 



 Type A  Type B:  Pycnocline Height: ............m  Type C:  Pycnocline Height: ...........m Jump: ........kg/ m3 / °C  Stratified Density :  At Surface as:  ..........................kg/m3/ °C At Bottom  ab: ................................. kg/ m3 / °C 
 Brine & Sediment Only   Level 1 Density  1: ..   kg/ m3   Sub 1:............m;   Level 2 Density  2:.......kg/ m3   Sub 2: ........... m



DISCHARGE GEOMETRY DATA 
CORMIX 1 – Single Port CORMIX 2 – Multiport CORMIX 3 – Surface Discharge 



Nearest Bank:     Left  Right 
Dist. to Nearest Bank: ............................ m 
Vert. Angle 0:......°; Horiz. Angle 0: ..... ° 



 Port Diameter D0: ..............m   
 Port Area A0: ....................m2 



Submerged 
Port Height above Bottom h0: ................ m 



Above Surface 
Port Height above Surface...................... m 



 Jet-like   Spray  Area 
Deflector Plate: .  With    or  Without 



Nearest Bank:     Left  Right 
 Unidirectional     Staged    Altern./ Vert. 



No of openings: ......... ;  Diffuser Length:.......... m 
Dist. to 1nd end-point YB1: ..................m  
Dist. to 2st far end-point YB2: ..............m 
Port Height h0: ..........m;  Port Diameter D0: .... m 
Contraction Ratio:...........  



Angles (degrees) 
Vert. Angle :........ °; Horiz. Angle : ................ ° 
Align. Angle : ...... °; Relat.Orient. Angle :...... °
Nozzle Direction:   Same   or   Fanned Out 



Discharge Located:  Left Right 
Horiz. Angle :   90 ° 
Local Depth at Discharge Outlet: 2.15  m 



 Flush  Co-flowing  
 Protruding:  Distance from Bank: .......... m 



Discharge Outlet 
 Channel: Width: 2.0 m;  Depth b0:0.65m 
 Pipe: Diameter D0: ................................ m  



Bottom Invert Depth:..................................... m 
Local Bottom Slope at Chanel Entry: 11 ° 



MIXING ZONE DATA 
  Non-Toxic Effluent



 WQ Standard: ..........................mg/l  No WQ Standard
  Toxic Effluent 
CMC :        25   micro-g/l  CCC : 15    micro-g/l



  Mixing Zone Specified   No Mixing Zone Specified
 Trajectory: ............m  Downstream Distance: 250 m.  Width: .....................% / m   Area: .............................. % 



Region of Interest: 2000...........m Grid Intervals for Display:    20 ............................................  











 181



Buoyant Surface Discharge In An Estuary Appendix D



Table D.2 CORMIX Session Report for C-Plant discharge into Estuary with unsteady tidal conditions



CORMIX SESSION REPORT:
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
                      CORMIX MIXING ZONE EXPERT SYSTEM
                          CORMIX-GI Version 5.0GTR
                       HYDRO3:Version-5.0.0.0  October,2006
SITE NAME/LABEL:                C-Plant Estuary
  DESIGN CASE:                  Tidal-1 hour after slack
  FILE NAME:                    C:\cormix\source 5.0\Sample Files\Sample3t.
prd
  Using subsystem CORMIX3:     Buoyant Surface Discharges
  Start of session:             08/29/2006--11:45:33
*****************************************************************************
SUMMARY OF INPUT DATA:
-----------------------------------------------------------------------------
AMBIENT PARAMETERS:
  Cross-section                          = unbounded
  Average depth                   HA     = 5.65 m
  Depth at discharge              HD     = 5.65 m
  Darcy-Weisbach friction factor  F      = 0.025
  Wind velocity                   UW     = 2 m/s
TIDAL SIMULATION at time          Tsim   = 1 hours
  Instantaneous ambient velocity  UA     = 0.22 m/s
  Maximum tidal velocity          UaMAX  = 0.75 m/s
Rate of tidal reversal          dUA/dt = 0.22 (m/s)/hour
  Period of reversal              T      = 12.4 hours
  Stratification Type             STRCND = U
  Surface density                 RHOAS  = 1018 kg/m^3
  Bottom density                  RHOAB  = 1018 kg/m^3
-----------------------------------------------------------------------------
DISCHARGE PARAMETERS:             Buoyant Surface Discharge
  Discharge located on                   = right bank/shoreline
  Discharge configuration                = flush discharge
  Distance from bank to outlet    DISTB  = 0 m
  Discharge angle                 SIGMA  = 90 deg
  Depth near discharge outlet     HD0    = 2.15 m
  Bottom slope at discharge       SLOPE  = 11 deg
  Rectangular discharge:
    Discharge cross-section area  A0     = 1.3 m^2
    Discharge channel width       B0     = 2 m
    Discharge channel depth       H0     = 0.65 m
    Discharge aspect ratio        AR     = 0.325
  Discharge flowrate              Q0     = 2.2 m^3/s
  Discharge velocity              U0     = 1.69 m/s
  Discharge temperature (freshwater)     = 22 degC
  Corresponding density           RHO0   = 997.7714 kg/m^3
  Density difference              DRHO   = 20.2286 kg/m^3
  Buoyant acceleration            GP0    = 0.1949 m/s^2
  Discharge concentration         C0     = 80 mg/l
  Surface heat exchange coeff.    KS     = 0 m/s
  Coefficient of decay            KD     = 0 /s
-----------------------------------------------------------------------------



simulation, which exceeds the CCC at this distance.
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DISCHARGE/ENVIRONMENT LENGTH SCALES:
  LQ  = 1.14 m         Lm  = 8.77 m         Lbb = 40.26 m
  LM  = 4.09 m
UNSTEADY TIDAL SCALES:
  Tu  = 0.2229 hours     Lu  = 39.35 m         Lmin= 2.57 m
-----------------------------------------------------------------------------
NON-DIMENSIONAL PARAMETERS:
  Densimetric Froude number       FR0    = 3.59 (based on LQ)
  Channel densimetric Froude no.  FRCH   = 4.76 (based on H0)
  Velocity ratio                  R      = 7.69
-----------------------------------------------------------------------------
MIXING ZONE / TOXIC DILUTION ZONE / AREA OF INTEREST PARAMETERS:
  Toxic discharge                        = yes
  CMC concentration               CMC    = 25 mg/l
  CCC concentration               CCC    = 15 mg/l
  Water quality standard specified       = given by CCC value
  Regulatory mixing zone                 = yes
  Regulatory mixing zone specification   = distance
  Regulatory mixing zone value           = 250 m (m^2 if area)
  Region of interest                     = 2000 m
*****************************************************************************
HYDRODYNAMIC CLASSIFICATION:
  *------------------------*
  | FLOW CLASS   = FJ1 |
  *------------------------*
*****************************************************************************
MIXING ZONE EVALUATION (hydrodynamic and regulatory summary):



-----------------------------------------------------------------------------
X-Y-Z Coordinate system:
Origin is located at water surface and at centerline of discharge channel:
    0 m from the right bank/shore.
  Number of display steps NSTEP = 10 per module.
-----------------------------------------------------------------------------
NEAR-FIELD REGION (NFR) CONDITIONS :
Note: The NFR is the zone of strong initial mixing.  It has no regulatory
  implication.  However, this information may be useful for the discharge
  designer because the mixing in the NFR is usually sensitive to the
  discharge design conditions.
  Pollutant concentration at NFR edge  c = 0 mg/l
  Dilution at edge of NFR              s = 0
  NFR Location:                        x = 0 m
    (centerline coordinates)           y = 0 m
                                       z = 0 m
  NFR plume dimensions:  half-width (bh) = 0 m
                          thickness (bv) = 0 m
Cumulative travel time:       0 sec.
-----------------------------------------------------------------------------
Buoyancy assessment:
  The effluent density is less than the surrounding ambient water
  density at the discharge level.
  Therefore, the effluent is POSITIVELY BUOYANT and will tend to rise towards
  the surface. 
-----------------------------------------------------------------------------
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PLUME BANK CONTACT SUMMARY:
  Plume in unbounded section does not contact bank in this simulation.
-----------------------------------------------------------------------------
UNSTEADY TIDAL ASSESSMENT:
 Because of the unsteadiness of the ambient current during the tidal
  reversal, CORMIX predictions have been TERMINATED at:
                                       x = 289.39 m
                                       y = 180.23 m
                                       z = 0 m.
  For this condition AFTER TIDAL REVERSAL, mixed water from the previous
  half-cycle becomes re-entrained into the near field of the discharge,
  increasing pollutant concentrations compared to steady-state predictions.
  A pool of mixed water formed at slack tide will be advected downstream
  in this phase. 
************************ TOXIC DILUTION ZONE SUMMARY ************************
Recall: The TDZ corresponds to the three (3) criteria issued in the USEPA
  Technical Support Document (TSD) for Water Quality-based Toxics Control,
  1991 (EPA/505/2-90-001).
  Criterion maximum concentration (CMC)  = 25  mg/l
Corresponding dilution                   = 3.2
The CMC was encountered at the following plume position:
  Plume location:                      x = 9.55 m
    (centerline coordinates)           y = 34.26 m
                                       z = 0 m
  Plume dimension:       half-width (bh) = 12.59 m
                          thickness (bv) = 0.82 m
 CRITERION 1: This location is within 50 times the discharge length scale of
              Lq = 1.14 m.
 +++++ The discharge length scale TEST for the TDZ has been SATISFIED. ++++++



 CRITERION 2: This location is within 5 times the ambient water depth of
              HD = 5.65 m.
 ++++++++++ The ambient depth TEST for the TDZ has been SATISFIED.+++++++++++



 CRITERION 3: This location is within one tenth the distance of the extent
              of the Regulatory Mixing Zone of 250.10 m downstream.
 +++++ The Regulatory Mixing Zone TEST for the TDZ has been SATISFIED. ++++++
 The diffuser discharge velocity is equal to 1.69 m/s.
   This is below the value of 3.0 m/s recommended in the TSD.



 *** All three CMC criteria for the TDZ are SATISFIED for this discharge. ***
********************** REGULATORY MIXING ZONE SUMMARY ***********************
The plume conditions at the boundary of the specified RMZ are as follows:
  Pollutant concentration              c = 10.059008  mg/l
  Corresponding dilution               s = 8.0
  Plume location:                      x = 250.10 m
    (centerline coordinates)           y = 167.58 m
                                       z = 0 m
  Plume dimensions:      half-width (bh) = 80.23 m
                          thickness (bv) = 0.39 m
Cumulative travel time < 0 sec. (RMZ is within NFR)
At this position, the plume is NOT IN CONTACT with any bank.
However, the CCC for the toxic pollutant was not encountered within the
  predicted plume region.
********************* FINAL DESIGN ADVICE AND COMMENTS **********************
REMINDER:  The user must take note that HYDRODYNAMIC MODELING by any known
  technique is NOT AN EXACT SCIENCE.
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Table D.3 CORMIX3 Prediction File for C-Plant discharge into Estuary with unsteady tidal conditions



CORMIX3 PREDICTION FILE:
33333333333333333333333333333333333333333333333333333333333333333333333333333
                       CORMIX MIXING ZONE EXPERT SYSTEM
                Subsystem CORMIX3:   Buoyant Surface Discharges
                         CORMIX-GI Version 5.0GTR                
                      HYDRO3 Version 5.0.0.0 October 2006     
-----------------------------------------------------------------------------   
CASE DESCRIPTION
 Site name/label:   C-Plant Estuary                                        
 Design case:       Tidal-1 hour after slack                               
 FILE NAME:         C:\cormix\source_5.0\Sample Files\Sample3t.prd         
 Time stamp:        Tue Aug 29 11:45:33 2006
 
ENVIRONMENT PARAMETERS (metric units)
 Unbounded section
 HA    =      5.65  HD    =      5.65
 Tidal Simulation at TIME =      1.000 h
 PERIOD=    12.40 h UAmax =      0.750 dUa/dt=      0.220 (m/s)/h
 UA    =      0.220 F     =      0.025 USTAR =0.1230E-01
 UW    =      2.000 UWSTAR=0.2198E-02
 Uniform density environment
 STRCND=  U         RHOAM = 1018.0000
 
DISCHARGE PARAMETERS (metric units)
 BANK  =  RIGHT     DISTB =      0.00  Configuration: flush_discharge     
 SIGMA =     90.00  HD0   =      2.15  SLOPE =   11.00 deg.
 Rectangular channel geometry:
 B0    =      2.000 H0    =      0.650 A0    =0.1300E+01  AR    =      0.325
 U0    =      1.692 Q0    =      2.200       =0.2200E+01
 RHO0  =  997.7714  DRHO0 =0.2023E+02  GP0   =0.1949E+00
 C0    =0.8000E+02  CUNITS=  mg/l                          
 IPOLL =  1         KS    =0.0000E+00  KD    =0.0000E+00
 
FLUX VARIABLES (metric units)
 Q0    =0.2200E+01  M0    =0.3723E+01  J0    =0.4287E+00
 Associated length scales (meters)
 LQ    =      1.14  LM    =      4.09  Lm    =      8.77  Lb    =     40.26
 Tidal:             Tu    =   0.2229 h Lu    =     39.347 Lmin  =      2.573
 
NON-DIMENSIONAL PARAMETERS
 FR0   =      3.59  FRCH  =      4.76  R     =      7.69
 
FLOW CLASSIFICATION
 333333333333333333333333333333333333333333
 3  Flow class (CORMIX3)      =    FJ1    3  
 3  Applicable layer depth HS =     5.65  3
 333333333333333333333333333333333333333333
 
MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS
 C0    =0.8000E+02  CUNITS=  mg/l                          
 NTOX  =  1         CMC   =0.2500E+02  CCC   =  CSTD
 NSTD  =  1         CSTD  =0.1500E+02
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 REGMZ =  1
 REGSPC=  1         XREG  =    250.00  WREG  =      0.00  AREG  =      0.00
 XINT  =   2000.00  XMAX  =   2000.00
 
X-Y-Z COORDINATE SYSTEM:
    ORIGIN is located at the WATER SURFACE and at center of discharge
      channel/outlet:      0.00 m  from the RIGHT bank/shore.
    X-axis points downstream
    Y-axis points to left as seen by an observer looking downstream
    Z-axis points vertically upward (in CORMIX3, all values Z = 0.00)
NSTEP =  10 display intervals per module
-----------------------------------------------------------------------------   
BEGIN MOD301: DISCHARGE MODULE                                                
Efflux conditions:
       X        Y       Z        S       C       BV       BH
      0.00     0.00    0.00     1.0 0.800E+02   0.65     1.00
 
END OF MOD301: DISCHARGE MODULE                                               
-----------------------------------------------------------------------------   
BEGIN MOD302: ZONE OF FLOW ESTABLISHMENT                                      
 Control volume inflow:
       X        Y       Z        S       C       BV       BH
      0.00     0.00    0.00     1.0 0.800E+02   0.65     1.00



 Profile definitions:
   BV = Gaussian 1/e (37%) vertical thickness
   BH = Gaussian 1/e (37%) horizontal half-width, normal to trajectory
   S = hydrodynamic centerline dilution
   C = centerline concentration (includes reaction effects, if any)
 
  Control volume outflow:                                  SIGMAE=     89.20
       X        Y       Z        S       C       BV       BH
      0.09     6.54    0.00     1.0 0.800E+02   0.54     1.85
 Cumulative travel time =           3.8660 sec
 
END OF MOD302: ZONE OF FLOW ESTABLISHMENT                                     
-----------------------------------------------------------------------------   
BEGIN CORSURF (MOD310): BUOYANT SURFACE JET - NEAR-FIELD REGION               
 
 Surface jet in deep crossflow with strong buoyancy effects.
  
 Profile definitions:
   BV = Gaussian 1/e (37%) vertical thickness
   BH = Gaussian 1/e (37%) horizontal half-width, normal to trajectory
   S = hydrodynamic centerline dilution
   C = centerline concentration (includes reaction effects, if any)
 
       X        Y       Z        S       C       BV       BH
      0.09     6.54    0.00     1.0 0.800E+02   0.54     1.85
** CMC HAS BEEN FOUND **
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 The pollutant concentration in the plume falls below CMC value of 0.250E+02
   in the current prediction interval.
 This is the extent of the TOXIC DILUTION ZONE.
     22.78    51.16    0.00     3.7 0.219E+02   0.71    20.12
     61.61    83.04    0.00     4.1 0.196E+02   0.57    35.37
    105.07   108.40    0.00     4.2 0.190E+02   0.50    48.25
    150.98   130.04    0.00     4.3 0.187E+02   0.45    59.67
    197.66   148.90    0.00     4.3 0.185E+02   0.42    69.89
    245.06   165.87    0.00     4.4 0.183E+02   0.39    79.28
 ** REGULATORY MIXING ZONE BOUNDARY is within the Near-Field Region (NFR) **
 In this prediction interval the plume DOWNSTREAM distance meets or exceeds
 the regulatory value =   250.00 m.
 This is the extent of the REGULATORY MIXING ZONE.
    289.39   180.23    0.00     4.4 0.181E+02   0.37    87.35
 Cumulative travel time =        1120.7694 sec



 CORMIX prediction has been TERMINATED at last prediction interval.
   Limiting distance due to TIDAL REVERSAL has been reached.                
 
END OF CORSURF (MOD310): BUOYANT SURFACE JET - NEAR-FIELD REGION              
-----------------------------------------------------------------------------   
CORMIX3: Buoyant Surface Discharges                    End of Prediction File
33333333333333333333333333333333333333333333333333333333333333333333333333333
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Figure D.6 CORMIX3 prediction of surface discharge from C-Plant into Estuary using an 
unsteady tidal simulation. a) Plume shape in near-field only (prediction is terminated 
after this region), and b) concentration along plume centerline.



a)



b)











CORMIX User Manual



188 



This page has been intentionally left blank











 189



 Applications of CORJET Appendix E



Three case studies are presented here illustrating 
the application of the post-processing model included 
within CORMIX, namely CorJet, the Cornell buoyant 
jet integral model. As discussed in Section 6.1 is 
an important tool for predicting additional details 
within	 the	 near-field	 of	 a	 submerged	 discharge.	 All	
case studies are included in the normal CORMIX 
installation package.



It is repeated here that CorJet, as any jet integral 
model, if used alone and by an inexperienced 
analyst, is not a safe methodology for mixing zone 
analysis. It is advised to use it only in conjunction 
with the more comprehensive CORMIX system. 
Therefore, in case of engineering design applications, 
CorJet should be employed after prior use of the 
expert system CORMIX has indicated that the 
buoyant jet will not experience any instabilities 
due to shallow water or due to attachment to 
boundaries.



E.1 Submerged multiport 
diffuser in deep water



A short diffuser consisting of 11 ports and a total 
length of 20 m is discharging fresh water at a 
temperature	of	30	°C	into	the	stratified	coastal	ocean.	
The diffuser ports are each 0.5 m in diameter and 
well-rounded in their internal hydraulic design so that 
no	further	exit	flow	contraction	will	occur.	The	nozzles	
are oriented with a vertical angle of 45° upward and 
a horizontal angle of 45° pointing into the ambient 
crossflow	 (see	 multiport	 diffuser	 definition	 diagram,	
Figures 4.6 and 4.7). The diffuser has an alignment 
of 60° with respect to the ambient current. The 
discharge	flow	has	a	concentration	of	100	%	of	some	
conservative substance.



Detailed measurements in the water column give 
the distribution of temperature, salinity and current 
velocity as a function of vertical distance. The current 
at	 each	 level	 flows	 in	 the	 same	 direction,	 i.e.	 along	
the coastline. The water depth at the discharge 
location is of the order of 30 m.



The CorJet data preparation checklist for this design 
case	is	given	as	Table	E.1.	Density	data	 is	specified	
in this case via temperature and salinity. The program 
computes internally the actual density distribution 
using the full (UNESCO) equation of state. It should 
be noted that in case of multiple ambient levels 
CorJet	 assumes	 outside	 the	 specified	 range	 (e.g.	
above 15 m in this case) that the data are linearly 
continued	 from	 the	 last	 specified	 interval.	 If	 uniform	
ambient conditions exist only a single level must be 
specified.	



The port height H0	 in	 the	 input	 data	 specification	
is set to 0.0 m; thus, the coordinate system is 
conveniently set at the discharge height. Another 
value for the actual height above the water bottom 
could be used too, but remember that CorJet, as all 
integral models, does not compute actual bottom 
interaction effects (see Section 6.1.1). A maximum 
computation height of 30 m and distance of 200 m 
is	 specified	 to	 stop	 the	 computation.	 The	 number	
of print intervals is set to 10, in order to provide 
sufficient	detail.



A prior application of CORMIX (using a linear density 
approximation Type A) has shown that a stable 
multiport	diffuser	flow	class	MS	results	 for	 this	case.	
The reader is encouraged to ascertain that! Thus, 
CorJet is indeed applicable for this case.



Figure	E.1	shows	 the	 input	data	file	as	entered	with	
the	CorJet	GUI.	The	CorJet	 prediction	 file	 is	 shown	
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in	Table	E.2.	The	file	echoes	the	input	data,	but	also	
lists the computed density values, and all important 
parameters and non-dimensional numbers. Note 
that all parameters and scales are referenced to the 
values of ambient conditions at the level of discharge. 
The lower part of the output table gives the predicted 
plume conditions. 



CorJet	 prediction	 files	 can	 be	 visualized	 with	 the	
CorVue	 for	 CorJet	 tool	 available	 from	 the	 Post-
processor drop down menu. The user can visually 
inspect the predicted plume, rather than looking at 
the	output	file.	Many	graphics	options	(see	the	online	
User	Guide	available	in	CorVue)	exist	to	fully	evaluate	
the plume geometry and concentration distributions. 
Three examples of graphics output are shown in 
Figures E.2 and E.3.



Figure E.2 shows the 3D, plan view, side view, 
respectively, of the plume, all with a plot scale 
fixed	 to	 1:1,	 i.e.	 undistorted.	All	 these	 figures	 have	
been	 produced	 with	 CorVue	 for	 CorJet.	 Such	 an	
undistorted is always preferable for the viewer of 
such plots in order to get an unbiased picture of the 
mixing pattern. Note the merging of the individual jets 
in the plan view. Figure E.3 gives the concentration 
distribution along the plume centerline trajectory, 
showing the rapid drop-off in this jet mixing process.



E.2 Single smoke plume in 
stratified atmosphere with 
skewed wind velocity



As mentioned in Section 6.1 CorJet is also applicable 
for atmospheric conditions in which case the concept 
of potential density based on the perfect gas equation 
with adiabatic conditions is employed. Furthermore, 
the wind conditions in the lower atmospheric 
boundary layer with its greater freedom laterally often 
has a skewed velocity distribution with different wind 
directions at different levels above the ground. This is 
the topic of this case study. 



An industrial chimney with a height of 40 m above 
ground discharges hot gases at a temperature of 
200 oC into the atmosphere. The discharge has 
a	diameter	 of	 3	m	and	an	exit	 velocity	 of	 10	m/s.	A	
discharge concentration of 100% exists for a fairly 
rapidly decaying substance with a decay rate of 1.68 
per	10	min	or	0.0028	/s.



Typical measurements, for example using a tracked 
rising balloon, give the distribution of temperature 
and wind velocity as a function of height above the 
ground.	 Density	 data	 is	 specified	 in	 this	 case	 as	
air temperature, the program will convert density 
inputs internally to potential density as a function of 
temperature. The wind velocity vector with increasing 
height deviates increasingly from the direction at 
ground level. In this example the coordinate system 
has been set at ground level so that the chimney 
(i.e.“port”) height is equal to 40 m.



Table E.3 shows the input data checklist for this case, 
while Figure E.4 shows the corresponding CorJet 
GUI	input.	Table	E.4	is	the	CorJet	prediction	file.	The	
file	echoes	the	input	data,	but	also	lists	the	potential	
density values, and all important parameters and 
non-dimensional numbers. 



Predicted plume properties are shown graphically as 
Figures E5 and E.6. Figure E.5 shows the 3D view 
and the side view, respectively, of the plume, both 
with	 a	 plot	 scale	 fixed	 to	 1:1,	 i.e.	 undistorted.	 The	
plan view shows that the plume follows the variable 
direction of the wind as it rises to higher levels. 



Figure E.6 gives the concentration distribution along 
the plume centerline trajectory. The added effect 
of plume decay would be discernible only in the 
detailed	 output	 file	 (Table	 E.4)	 where	 the	 centerline	
concentration is not merely the inverse of the 
hydrodynamic centerline dilution (the effect of pure 
mixing) but lower because of the internal chemical 
decay effect.



 











 191



 Applications of CORJET Appendix E



Table E.1  Data preparation checklist for CorJet simulation of multiport diffuser discharge into stratified 
coastal waters with arbitrary velocity distribution 



File Name:  CASE5MPD.INP Date:  3/16/07 
Prepared by:  RLD



Label: Case 5: Mulitport Diffuser, Stratfied, Variable Current



Fluid/Density:



Fluid:	 1	(water) 
 2 (air)



Density	Specification:	 1	(via	temp./sal.) 
   2 (direct)



Number	of	ambient	levels:3	
  (0 - 10)



Ambient Data: 



Level No. Elevation (m) Temp. (oC) Salinity (ppt) Density 
(kg/m3) Velocity	(m/s) Angle of 



Velocity	(deg)
1 0 12.0 30.0 - 0.5 0



2 5 15.0 29.5 - 0.8 0



3 15 20.0 28.0 - 1.2 0



Discharge Conditions:



Number	of	openings: 
(=1 for single port s.p.)



11



Port 
diameter (m)



0.5



Height above 
origin (m)



0.0



Exit velocity 
(m/s)



3.0



Vertical	
angle (deg)



45



Horizontal 
angle (deg)



45



Discharge 
concentr. 
(any units)



100



Coefficient	of	
decay		(/s)



 
0



Discharge 
temp. (oC)



 
30.0



Discharge 
salinity (ppt)



 
0.0



Discharge 
density  
(kg/m3)



-



Diffuser 
length (m) 
(=0. if s.p.)



20.0



Alignment 
angle (deg) 
(=0. if s.p.)



60.0



Program Control:



Max. vertical  
distance	(m):



30.0



Min. vertical  
distance	(m):



0.0



Max. distance along 
trajectory	(m):



200.0



Print intervals 
(best	5	to	10):



10
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Figure E.1 CorJet input for multiport diffuser into stratified coastal waters











 193



 Applications of CORJET Appendix E



Figure E.2 CorJet prediction for multiport diffuser discharge into stratified coastal waters as 
plotted with graphics package. a) 3D oblique view, b) plan view, and c) side view. 
Plot distortion scale fixed at 1:1 (undistorted).
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Table E.2 CorJet prediction file multiport diffuser into stratified coastal water



                     CORJET BUOYANT JET INTEGRAL MODEL
                          Version 5.0.0.0 March 2007
--------------------------------------------------------------------------------
 FILE NAME:         C:\Program Files\CORMIX 5.0\Post\CJ\CASE5MPD.OUT       
  Label/identifier: Case5: MULTIPORT DIFFUSER: STRATIFIED, VARIABLE CU     
  Time stamp:       Tue Mar 13 15:52:48 2007
 Ambient conditions:      No. of levels= 3   Fluid= Water   Density option= 1
  LEV= 1 ZA=  0.00 TA=   12.00 SA=   30.00 RHOA= 1022.71 UA=    0.50 TAU=    0.00
  LEV= 2 ZA=  5.00 TA=   15.00 SA=   29.50 RHOA= 1021.74 UA=    0.80 TAU=    0.00
  LEV= 3 ZA= 15.00 TA=   20.00 SA=   28.00 RHOA= 1019.43 UA=    1.20 TAU=    0.00
 Discharge conditions (metric):  For each port: 
  D0=   0.500    HO=   0.00   U0=    3.00    THETA0=  45.00  SIGMA0=  45.00
  C0= 0.10E+03   KD= 0.00E+00 T0=    30.00   S0=        0.00 RHO0=   995.65
 MULTIPORT DIFFUSER conditions:
  NOPEN=    11   LD=   20.00 SPAC=    2.00  ALIGN=   60.00 Q0total=.6480E+01
 Program control:
  ZMAX=   30.00  ZMIN=    0.00  DISMAX=  200.00  NPRINT=   10
Flux variables (based on ambient at discharge level):   For each port:
  Q0    = 0.589E+00  M0    = 0.177E+01  J0    = 0.153E+00  GP0   = 0.259E+00
  QT0   = 0.106E+02  QS0   =-0.177E+02
  For multiport diffuser (per unit length):
  q0    = 0.324E+00  m0    = 0.972E+00  j0    = 0.841E-01
  qt02  = 0.583E+01  qs02  =-0.972E+01
Length scales (m) and parameters:    For each port:
  LQ    =      0.44  LM    =      3.92  Lm    =      2.66  Lb    =      1.22
  Lmp   =      5.61  Lbp   =      6.71
  For multiport diffuser (per unit length):
  lQ=B  =      0.108 lM    =      5.07  lm    =      3.89  lq*   =      0.74
  lmp   =      8.16  lbp   =     10.37
  FR0   =      8.33  FR0s  =     17.92  Fa    =      1.14  R     =      6.00
  (port)             (2-D slot)
Zone of flow establishment (m): 
  LE    =      1.30  XE    =      0.68  YE    =      0.64  ZE    =      0.90
  THETAE=     43.03  SIGMAE=     41.31  GAMMAE=     56.69
  ------------------------------------------------------------------------------
 CORJET PREDICTION:             Stepsize =   0.2659  Printout every  10 steps
  Individual jet/plumes before merging:
   X     Y      Z      Sc       Cc       B  |    DIST    Save    Gpc    dTc dSALc
  0.00  0.00   0.00    1.0 0.100E+03    0.25|     0.00    1.0 0.26E+00   18.-30.0
  0.68  0.64   0.90    1.0 0.100E+03    0.25|     1.30    1.4 0.27E+00   20.-34.8
  2.83  1.42   2.13    3.0 0.338E+02    0.63|     3.96    4.5 0.85E-01    5.-10.0
  5.43  1.61   2.64    4.8 0.209E+02    0.84|     6.62    7.0 0.51E-01    3. -6.1
  Merging of individual jet/plumes to form plane jet/plume:
   Horizontal jet/plume half-width BH = B +  10.00
  5.69  1.62   2.69    5.0 0.202E+02    0.86|     6.88    3.6 0.49E-01    2. -5.9
  8.06  1.68   3.02    7.4 0.135E+02    1.18|     9.28    8.0 0.32E-01    1. -3.9
 10.70  1.70   3.35    8.8 0.114E+02    1.42|    11.93    9.5 0.27E-01    1. -3.3
 13.34  1.72   3.67   10.1 0.993E+01    1.64|    14.59   10.8 0.22E-01    0. -2.8
 15.98  1.72   3.99   11.3 0.886E+01    1.85|    17.25   12.1 0.19E-01    0. -2.5
 18.62  1.73   4.31   12.5 0.803E+01    2.05|    19.91   13.3 0.17E-01    0. -2.2
 21.26  1.73   4.61   13.6 0.737E+01    2.23|    22.57   14.5 0.15E-01    0. -2.0
 23.90  1.73   4.91   14.6 0.684E+01    2.40|    25.23   15.6 0.13E-01   -0. -1.8
 26.54  1.73   5.20   15.6 0.641E+01    2.56|    27.89   16.6 0.12E-01   -0. -1.7
 29.18  1.73   5.48   16.6 0.604E+01    2.71|    30.55   17.6 0.10E-01   -0. -1.5
 31.83  1.73   5.76   17.5 0.573E+01    2.85|    33.20   18.6 0.91E-02   -0. -1.4
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Figure E.3 CORJET prediction for multiport diffuser discharge into stratified coastal waters as 
plotted with graphics package. Concentration along centerline trajectory.



34.47  1.73   6.02   18.3 0.546E+01    2.98|    35.86   19.5 0.80E-02   -0. -1.3
37.12  1.73   6.28   19.1 0.523E+01    3.10|    38.52   20.3 0.70E-02   -0. -1.2
39.77  1.73   6.53   19.9 0.502E+01    3.22|    41.18   21.1 0.61E-02   -0. -1.1
42.42   1.73   6.76   20.7 0.484E+01    3.33|    43.84   21.9 0.53E-02   -1. -1.0
45.07   1.73   6.99   21.4 0.467E+01    3.44|    46.50   22.7 0.46E-02   -1. -0.9
47.72   1.73   7.21   22.1 0.451E+01    3.55|    49.16   23.5 0.39E-02   -1. -0.9
50.37   1.73   7.41   22.8 0.438E+01    3.65|    51.82   24.2 0.33E-02   -1. -0.8
53.02   1.73   7.61   23.5 0.425E+01    3.75|    54.47   24.9 0.27E-02   -1. -0.8
55.67   1.73   7.79   24.2 0.414E+01    3.84|    57.13   25.6 0.22E-02   -1. -0.7
58.32   1.73   7.96   24.8 0.404E+01    3.93|    59.79   26.2 0.17E-02   -1. -0.7
60.98   1.73   8.12   25.4 0.394E+01    4.01|    62.45   26.8 0.12E-02   -1. -0.6
63.63   1.73   8.28   25.9 0.386E+01    4.09|    65.11   27.4 0.83E-03   -1. -0.6
66.29   1.73   8.41   26.4 0.379E+01    4.16|    67.77   27.9 0.47E-03   -1. -0.5
68.94   1.73   8.54   26.8 0.373E+01    4.22|    70.43   28.3 0.14E-03   -1. -0.5
70.27   1.73   8.60   27.0 0.370E+01    4.24|    71.76   28.5 -.16E-04   -1. -0.5
  Terminal level in stratified ambient has been reached.      PROGRAM STOPS!
  FNlocal =  -0.5344130    
 -------------------------------------------------------------------------------
 END OF CORJET PREDICTION:          Total number of integration steps =   266
 Note: CORJET has been used outside the CORMIX system, assuming unlimited
       receiving water.  Carefully examine all results for possible boundary
       effects due to surface, bottom, or lateral boundaries!



Table E.2  Continued
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Table E.3  Data preparation checklist for CorJet simulation of single chimney discharge into stratified atmo-
sphere with skewed wind 



File Name:  CASE3AIR.INP Date:  3/16/07 
Prepared by:  RLD



Label:  Case 5: Mulitport Diffuser, Stratfied, Variable Current



Fluid/Density:



Fluid:	 1 (water) 
 2 (air)



Density	Specification:	 1	(via	temp./sal.) 
   2 (direct)



Number	of	ambient	levels:4	
  (0 - 10)



Ambient Data: 



Level No. Elevation (m) Temp. (oC) Salinity (ppt) Density 
(kg/m3) Velocity	(m/s) Angle of 



Velocity	(deg)
1 0 12.0 - - 2.0 0



2 50 12.0 - - 5.0 15



3 100 12.5 - - 6.0 25



4 200 13.0 - - 6.5 30



Discharge Conditions:



Number	of	openings: 
(=1 for single port s.p.)



1



Port 
diameter (m)



3.0



Height above 
origin (m)



40.0



Exit velocity 
(m/s)



10.0



Vertical	
angle (deg)



90



Horizontal 
angle (deg)



0.0



Discharge 
concentr. 
(any units)



100



Coefficient	of	
decay		(/s)



 
0.0028



Discharge 
temp. (oC)



 
200.0



Discharge 
salinity (ppt)



 
-



Discharge 
density  
(kg/m3)



-



Diffuser 
length (m) 
(=0. if s.p.)



0.0



Alignment 
angle (deg) 
(=0. if s.p.)



0.0



Program Control:



Max. vertical  
distance	(m):



200.0



Min. vertical  
distance	(m):



0.0



Max. distance along 
trajectory	(m):



1000.0



Print intervals 
(best	5	to	10):



30
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Figure E.4 Data entry for CorJet simulation of single chimney discharge into stratified 
atmosphere with skewed wind velocity distribution
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Table E.4  CorJet prediction file for chimney discharge into stratified atmosphere with skewed wind



CORJET PREDICTION FILE
JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ
                     CORJET BUOYANT JET INTEGRAL MODEL
                          Version 5.0.0.0 March 2007
--------------------------------------------------------------------------------
 FILE NAME:         C:\Program Files\CORMIX 5.0\Post\CJ\CASE3AIR.OUT       
  Label/identifier: Case3: CHIMNEY, STRATIFIED AIR, VARIABLE WIND          
  Time stamp:       Wed Mar 14 13:32:16 2007
 
 Ambient conditions:      No. of levels= 4   Fluid= Air     Density option= 1
  LEV= 1 ZA=   0.00 TA=   12.00 SA=    0.00 RHOA=    1.24 UA=    2.00 TAU=    0.00
  LEV= 2 ZA=  50.00 TA=   12.00 SA=    0.00 RHOA=    1.24 UA=    5.00 TAU=   15.00
  LEV= 3 ZA= 100.00 TA=   12.50 SA=    0.00 RHOA=    1.24 UA=    6.00 TAU=   25.00
  LEV= 4 ZA= 200.00 TA=   13.00 SA=    0.00 RHOA=    1.23 UA=    6.50 TAU=   30.00
 Discharge conditions (metric):  SINGLE PORT
  D0=   3.000    HO=  40.00   U0=   10.00    THETA0=  90.00  SIGMA0=   0.00
  C0= 0.10E+03   KD= 0.28E-02 T0=   200.00   S0=        0.00 RHO0=     0.75
Program control:
  ZMAX=  200.00  ZMIN=    0.00  DISMAX= 1000.00  NPRINT=   30
 Flux variables (based on ambient at discharge level):
  Q0    = 0.707E+02  M0    = 0.707E+03  J0    = 0.275E+03  GP0   = 0.390E+01
  QT0   = 0.133E+05  QS0   = 0.000E+00
Length scales (m) and parameters: 
  LQ    =      2.66  LM    =      8.26  Lm    =      6.04  Lb    =      3.23
  Lmp   =     11.97  Lbp   =     14.42
  FR0   =      2.92  R     =      2.27
Zone of flow establishment (m): 
  LE    =      0.00  XE    =      0.00  YE    =      0.00  ZE    =     40.00
  THETAE=     79.67  SIGMAE=      0.00  GAMMAE=     79.67
 -----------------------------------------------------------------------------------
 CORJET PREDICTION:             Stepsize =   0.6042  Printout every  30 steps
  Single jet/plume:
     X      Y      Z      Sc       Cc       B  |    DIST    Save    Gpc    dTc dSALc
    0.00   0.00  40.00    1.0 0.100E+03    1.50|     0.00    1.0 0.39E+01  188.  0.0
    0.00   0.00  40.00    1.0 0.100E+03    1.50|     0.00    1.4 0.43E+01  220.  0.0
   13.00   2.80  51.44    5.3 0.187E+02    3.90|    18.13    7.7 0.11E+01   35.  0.0
   29.21   7.04  58.34   11.1 0.886E+01    5.62|    36.25   15.9 0.55E+00   16.  0.0
   45.73  11.73  64.13   17.9 0.547E+01    7.11|    54.38   25.4 0.34E+00   10.  0.0
   62.37  16.74  69.29   25.4 0.382E+01    8.45|    72.51   35.9 0.24E+00    7.  0.0
   79.06  22.01  74.01   33.5 0.288E+01    9.68|    90.64   47.1 0.18E+00    5.  0.0
   95.76  27.52  78.38   42.1 0.227E+01   10.80|   108.76   58.9 0.14E+00    4.  0.0
  112.47  33.25  82.47   51.0 0.186E+01   11.85|   126.89   71.2 0.12E+00    3.  0.0
  129.16  39.18  86.33   60.1 0.156E+01   12.83|   145.02   83.9 0.99E-01    2.  0.0
  145.83  45.29  89.99   69.5 0.134E+01   13.75|   163.15   96.8 0.84E-01    2.  0.0
  162.47  51.58  93.47   79.1 0.117E+01   14.62|   181.27  110.0 0.72E-01    2.  0.0
  179.08  58.04  96.80   88.9 0.103E+01   15.45|   199.40  123.3 0.63E-01    1.  0.0
  195.65  64.66  99.98   99.0 0.918E+00   16.26|   217.53  137.2 0.55E-01    1.  0.0
  212.19  71.42 103.01  109.3 0.825E+00   17.04|   235.66  151.5 0.49E-01    1.  0.0
  228.70  78.32 105.93  119.6 0.747E+00   17.80|   253.78  165.7 0.44E-01    1.  0.0
  245.18  85.32 108.75  129.9 0.682E+00   18.52|   271.91  180.1 0.40E-01    1.  0.0
  261.64  92.41 111.48  140.4 0.626E+00   19.23|   290.04  194.7 0.36E-01    1.  0.0
  278.07  99.59 114.13  151.0 0.577E+00   19.91|   308.17  209.3 0.33E-01    1.  0.0
  294.49 106.83 116.71  161.7 0.534E+00   20.58|   326.29  224.1 0.31E-01    0.  0.0
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  310.89 114.13 119.21  172.4 0.497E+00   21.23|   344.42  239.0 0.28E-01    0.  0.0
  327.27 121.50 121.66  183.3 0.464E+00   21.86|   362.55  254.0 0.26E-01    0.  0.0
  343.64 128.91 124.04  194.3 0.434E+00   22.48|   380.67  269.2 0.24E-01    0.  0.0
  360.00 136.38 126.37  205.3 0.407E+00   23.09|   398.80  284.5 0.22E-01    0.  0.0
  376.34 143.89 128.64  216.5 0.383E+00   23.69|   416.93  299.9 0.20E-01    0.  0.0
  392.67 151.44 130.86  227.7 0.361E+00   24.28|   435.06  315.5 0.19E-01    0.  0.0
  408.98 159.03 133.03  239.0 0.341E+00   24.85|   453.18  331.1 0.17E-01    0.  0.0
  425.29 166.66 135.15  250.4 0.323E+00   25.42|   471.31  346.8 0.16E-01    0.  0.0
  441.58 174.33 137.22  261.8 0.306E+00   25.97|   489.44  362.6 0.15E-01    0.  0.0
  457.87 182.03 139.25  273.4 0.291E+00   26.52|   507.57  378.5 0.14E-01    0.  0.0
  474.14 189.76 141.23  284.9 0.277E+00   27.06|   525.69  394.5 0.13E-01    0.  0.0
  490.41 197.53 143.17  296.5 0.264E+00   27.59|   543.82  410.5 0.12E-01    0.  0.0
  506.66 205.32 145.06  308.2 0.252E+00   28.10|   561.95  426.6 0.11E-01    0.  0.0
  522.91 213.15 146.92  319.9 0.241E+00   28.62|   580.08  442.7 0.10E-01    0.  0.0
  539.15 221.00 148.73  331.6 0.230E+00   29.12|   598.20  458.9 0.94E-02    0.  0.0
  555.38 228.88 150.50  343.3 0.221E+00   29.61|   616.33  475.1 0.87E-02    0.  0.0
  571.60 236.78 152.24  355.1 0.212E+00   30.10|   634.46  491.3 0.80E-02    0.  0.0
  587.81 244.71 153.93  366.9 0.203E+00   30.58|   652.59  507.6 0.73E-02    0.  0.0
  604.02 252.67 155.59  378.7 0.195E+00   31.05|   670.71  523.8 0.67E-02    0.  0.0
  620.21 260.65 157.21  390.5 0.188E+00   31.51|   688.84  540.1 0.61E-02    0.  0.0
  636.40 268.65 158.79  402.2 0.181E+00   31.97|   706.97  556.3 0.56E-02    0.  0.0
  652.58 276.67 160.33  414.0 0.174E+00   32.42|   725.09  572.5 0.51E-02    0.  0.0
  668.76 284.71 161.84  425.8 0.168E+00   32.86|   743.22  588.7 0.46E-02    0.  0.0
  684.92 292.78 163.32  437.5 0.162E+00   33.30|   761.35  604.9 0.41E-02    0.  0.0
  701.08 300.87 164.76  449.2 0.157E+00   33.72|   779.48  621.1 0.37E-02    0.  0.0
  717.24 308.97 166.16  460.9 0.152E+00   34.15|   797.60  637.1 0.32E-02    0.  0.0
  733.38 317.10 167.53  472.6 0.147E+00   34.56|   815.73  653.2 0.28E-02    0.  0.0
  749.52 325.24 168.87  484.2 0.142E+00   34.97|   833.86  669.2 0.25E-02    0.  0.0
  765.66 333.40 170.17  495.7 0.138E+00   35.37|   851.99  685.1 0.21E-02    0.  0.0
  781.78 341.58 171.44  507.3 0.133E+00   35.76|   870.11  701.0 0.18E-02    0.  0.0
  797.90 349.78 172.67  518.7 0.129E+00   36.15|   888.24  716.7 0.14E-02    0.  0.0
  814.02 358.00 173.88  530.1 0.126E+00   36.53|   906.37  732.4 0.11E-02    0.  0.0
  830.13 366.23 175.05  541.4 0.122E+00   36.91|   924.50  748.0 0.83E-03    0.  0.0
  846.23 374.47 176.19  552.7 0.119E+00   37.28|   942.62  763.5 0.54E-03    0.  0.0
  862.33 382.74 177.30  563.9 0.115E+00   37.64|   960.75  779.0 0.27E-03    0.  0.0
  878.42 391.01 178.37  575.0 0.112E+00   38.00|   978.88  794.3 0.15E-04    0.  0.0
  879.49 391.57 178.44  575.8 0.112E+00   38.02|   980.09  795.3 -.94E-06   -0.  0.0
  Terminal level in stratified ambient has been reached.      PROGRAM STOPS!
    FNlocal =  -5.3849392E-02
 -----------------------------------------------------------------------------------
 END OF CORJET PREDICTION:          Total number of integration steps =  1623
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Table E.4  Continued
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Figure E.5 CORJET prediction for chimney discharge into stratified atmosphere with skewed 
wind profile as plotted with graphics package. Concentration along centerline 
trajectory.
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Figure E.6 CORJET prediction for single chimney discharge into stratified atmosphere with 
skewed wind profile as plotted with graphics package. a) Plan view, and b) side 
view along trajectory both with plot scale fixed at 1:1 (undistorted).
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E.3 Two smoke plumes in 
stratified atmosphere with 
skewed wind velocity



In this example, two smoke stack plumes are 
simulated- one low stack and one high stack- into the 
same	atmospheric	profile	hat	is	stratified	with	skewed	
velocity	 profile.	 The	 results	 are	 then	 plotted	 with	
CorVue	for	CorJet,	which	shows	the	plumes	traveling	
off in different directions.



Tables E5 and E6 show the input data check lists 
for the low stack and high stack, respectively. Figure 
E.7	shows	the	CorVue	for	CorJet	visualization	using	
the two source option. Figure E.7 shows oblique 3D, 



plan view, and side views of the two sources. 
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Table E.5  Data preparation checklist for CorJet simulation of Low Stack chimney discharge into stratified 
atmosphere with skewed wind 



File Name:  LowStack.INP Date:  3/16/07 
Prepared by:  RLD



Label:  Case3:  LOW CHIMNEY, STRATIFIED AIR, VARIABLE WINDt



Fluid/Density:



Fluid:	 1 (water) 
 2 (air)



Density	Specification:	 1	(via	temp./sal.) 
   2 (direct)



Number	of	ambient	levels:10	
  (0 - 10)



Ambient Data: 



Level No. Elevation (m) Temp. (oC) Salinity (ppt) Density 
(kg/m3) Velocity	(m/s) Angle of 



Velocity	(deg)
1 0 12.6 - - 0.5 0



2 25 12.6 - - 0.8 5



3 50 12.43 - - 6.0 10



4 75 12.4 - - 1.3 70



5 100 12.3 - - .6 80



6 125 12.3 - - .7 130



7 150 12.3 - - .7 150



8 225 12.3 - - .7 160



9 250 12.3 - - .7 170



10 300 12.3 - - .7 180



Discharge Conditions:



Number	of	openings: 
(=1 for single port s.p.)



1



Port 
diameter (m)



6.0



Height above 
origin (m)



30.0



Exit velocity 
(m/s)



2.0



Vertical	
angle (deg)



90



Horizontal 
angle (deg)



0.0



Discharge 
concentr. 
(any units)



100



Coefficient	of	
decay		(/s)



 
0.0028



Discharge 
temp. (oC)



 
12.5



Discharge 
salinity (ppt)



 
-



Discharge 
density  
(kg/m3)



-



Diffuser 
length (m) 
(=0. if s.p.)



0.0



Alignment 
angle (deg) 
(=0. if s.p.)



0.0



Program Control:



Max. vertical  
distance	(m):



500.0



Min. vertical  
distance	(m):



0.0



Max. distance along 
trajectory	(m):



350.0



Print intervals 
(best	5	to	10):



30
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Table E.6  Data preparation checklist for CorJet simulation of High Stack chimney discharge into stratified 
atmosphere with skewed wind 



File Name:  HighStack.INP Date:  3/16/07 
Prepared by:  RLD



Label:  Case3: HIGH CHIMNEY, STRATIFIED AIR, VARIABLE WINDt



Fluid/Density:



Fluid:	 1 (water) 
 2 (air)



Density	Specification:	 1	(via	temp./sal.) 
   2 (direct)



Number	of	ambient	levels:10	
  (0 - 10)



Ambient Data: 



Level No. Elevation (m) Temp. (oC) Salinity (ppt) Density 
(kg/m3) Velocity	(m/s) Angle of 



Velocity	(deg)
1 0 12.6 - - 0.5 0



2 25 12.6 - - 0.8 5



3 50 12.43 - - 6.0 10



4 75 12.4 - - 1.3 70



5 100 12.3 - - .6 80



6 125 12.3 - - .7 130



7 150 12.2 - - .7 150



8 225 12.2 - - .7 160



9 250 12.2 - - .7 170



10 300 12.2 - - .7 180



Discharge Conditions:



Number	of	openings: 
(=1 for single port s.p.)



1



Port 
diameter (m)



2.5



Height above 
origin (m)



75.0



Exit velocity 
(m/s)



2.0



Vertical	
angle (deg)



90



Horizontal 
angle (deg)



0.0



Discharge 
concentr. 
(any units)



100



Coefficient	of	
decay		(/s)



 
0.0028



Discharge 
temp. (oC)



 
12.5



Discharge 
salinity (ppt)



 
-



Discharge 
density  
(kg/m3)



-



Diffuser 
length (m) 
(=0. if s.p.)



0.0



Alignment 
angle (deg) 
(=0. if s.p.)



0.0



Program Control:



Max. vertical  
distance	(m):



500.0



Min. vertical  
distance	(m):



0.0



Max. distance along 
trajectory	(m):



600.0



Print intervals 
(best	5	to	10):



30
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Figure E.7 CorJet prediction for two chimney discharges (high stack and low stack) using the 
same stratified atmosphere with skewed wind profile. Plotted with the CorVue for 
CorJet graphics Post-processor option. The origin (0,0,0) is set a the base of the 
high stack, the base of the low stack is offset at position (100, 200, 0).  
 
Plots show: a) oblique 3D view, b) plan view, and c) side view in undistored scale.
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From: Nickel, Brian
To: "June.Bergquist@deq.idaho.gov"
Subject: RE: initial meeting dates for Sandpoint
Date: Wednesday, May 25, 2016 8:24:00 AM


June:


My calendar is clear on June 10th. I’ll keep it that way until this meeting is scheduled.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Read my blog
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Tuesday, May 24, 2016 1:37 PM
To: Nickel, Brian 
Subject: initial meeting dates for Sandpoint
Hi Brian,
June 10 is a possible date that Senator Keough and our Director are considering to talk about the
Sandpoint permit. I wanted to pass this along to you to learn if this is a possibility for you, we would
appreciate your participation if possible. I’ll have our attorney on the phone also. Ryan Luttmann the
new Public Works Director and Brett Converse will be at this meeting too. I’m not sure our Director
will attend but it is a possibility. It also sounds like we will be meeting in Sandpoint.








From: Nickel, Brian
To: June Bergquist; <Daniel.Redline@deq.idaho.gov>
Subject: FW: Adobe Connect - Meeting Invitation to "Sandpoint Draft NPDES Permit"
Date: Wednesday, June 15, 2016 4:04:00 PM


June, Dan:
 
I've set up a webinar so I can share my screen for this meeting.
 
Anyone with the URL can enter the meeting.
 
Thanks,
 
Brian Nickel, E.I.T.
 
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice:  206-553-6251 | Toll Free:  800-424-4372 ext. 6251 | Fax:  206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.
 
-----Original Message-----
From: Nickel.Brian@epa.gov [mailto:Nickel.Brian@epa.gov] 
Sent: Wednesday, June 15, 2016 4:02 PM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: Adobe Connect - Meeting Invitation to "Sandpoint Draft NPDES Permit"
 
Please join me in an Adobe Connect Meeting.
 
Meeting Name:  Sandpoint Draft NPDES Permit
Summary:
Invited By: Brian Nickel (Nickel.Brian@epa.gov)
When:  06/17/2016 9:00 AM - 11:00 AM
Time Zone:  (GMT-08:00) Pacific Time (US and Canada); Tijuana
 
 
 
To join the meeting:
http://epawebconferencing.acms.com/sandpoint_npdes/
 
 
 
----------------
If you have never attended an Adobe Connect meeting before:
 







Test your connection:
http://epawebconferencing.acms.com/common/help/en/support/meeting_test.htm
 
Get a quick overview: http://www.adobe.com/products/adobeconnect.html
 
Adobe, the Adobe logo, Acrobat and Adobe Connect are either registered trademarks or trademarks
of Adobe Systems Incorporated in the United States and/or other countries.








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: RE: initial meeting dates for Sandpoint
Date: Thursday, May 26, 2016 7:26:41 AM


Thanks Brian.
 


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Wednesday, May 25, 2016 8:24 AM
To: June Bergquist
Subject: RE: initial meeting dates for Sandpoint
 
June:
 


My calendar is clear on June 10th.  I’ll keep it that way until this meeting is scheduled.
 
Thanks,
 
Brian Nickel, E.I.T.
 
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice:  206-553-6251 | Toll Free:  800-424-4372 ext. 6251 | Fax:  206-553-1280
Read my blog
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.
 
 
 


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Tuesday, May 24, 2016 1:37 PM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: initial meeting dates for Sandpoint
 
Hi Brian,
June 10 is a possible date that Senator Keough and our Director are considering to talk about the
Sandpoint permit.  I wanted to pass this along to you to learn if this is a possibility for you, we would
appreciate your participation if possible.  I’ll have our attorney on the phone also.  Ryan Luttmann
the new Public Works Director and Brett Converse will be at this meeting too.  I’m not sure our
Director will attend but it is a possibility.  It also sounds like we will be meeting in Sandpoint.








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov; Thomas.Herron@deq.idaho.gov
Subject: FW: City of Sand Point WWTP
Date: Tuesday, August 23, 2016 2:19:07 PM


FYI, I don’t know anything further about this. Contact Nicole if you have questions.


From: Nicole Deinarowicz 
Sent: Monday, August 15, 2016 9:48 AM
To: June Bergquist
Subject: City of Sand Point WWTP
Good Morning June!
I hope you had a fantastic vacation. I had an opportunity to sit down with Doug, Don, Mary Anne, AJ,
and Lauri to discuss the issue of authorizing both an acute and chronic mixing zones in the City of
Sandpoint certification. Although that is how Washington authorize their mixing zones, Idaho only
authorizes the larger of the two. There is no problem with discussing both the acute and chronic in
the Fact Sheet, but when it comes to authorizing the mixing for each pollutant, we should only
mention the larger one in the tables.
I thought it would be best if you discussed this with Brian Nickel. Call me if you have any questions.


Nicole Deinarowicz
401 Program Coordinator
Water Quality Division
Idaho Department of Environmental Quality
208.373.0591








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: FW: Justification for larger mixing zone Sandpoint
Date: Thursday, January 14, 2016 8:10:36 AM


Just an FYI.
 


From: June Bergquist 
Sent: Thursday, January 14, 2016 8:10 AM
To: Brett M. Converse (bconverse@jub.com)
Cc: June Bergquist; kody@ci.sandpoint.id.us
Subject: Justification for larger mixing zone Sandpoint
 
Hi Brett,
During internal review of the certification for Sandpoint WWTP, it was determined that the City will
need to provide a justification per the below rule, for the larger mixing zone for phosphorus in this
renewed permit.  The section of the rules is IDAPA 58.01.060.01.i.  Let me know if you have any
questions.  We will need this to continue processing the certification.
June
 
June Bergquist
Regional Water Quality Compliance Officer
Idaho Department of Environmental Quality
Coeur d’Alene Regional Office
2110 Ironwood Parkway
Coeur d’Alene ID 83814
Phone: (208)666-4605


 
 
 
 
i. The Department may authorize a mixing zone that varies from the limits in Subsection 060.01.h. if it is established
that: (4-11-15)
 


i.                  A smaller mixing zone is needed to avoid an unreasonable interference with, or danger to,
beneficial uses as described in Subsection 060.01.d., and the mixing zone meets the other
requirements set forth in Section 060; or (4-11-15)


ii.                ii. A larger mixing zone is needed by the discharger and does not cause an unreasonable
interference with, or danger to, beneficial uses as described in Subsection 060.01.d., and the
mixing zone meets the other requirements set forth in Section 060. The discharger shall provide
to the Department an analysis that demonstrates a larger mixing zone is needed given siting,
technological, and managerial options. (4-11-15)








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov
Subject: RE: preliminary draft cert for your review and comment Sandpoint
Date: Thursday, January 21, 2016 2:31:51 PM
Attachments: 2014AKF66 Draft 401 certification Sandpoint WWTP NPDES #ID-0020842.DOCX


Forgot one thing, I need some interim limits for ammonia, see page 9 if you have a chance. Thanks.
J.


From: June Bergquist 
Sent: Tuesday, January 19, 2016 9:29 AM
To: Brian Nickel (Nickel.Brian@epamail.epa.gov)
Cc: June Bergquist
Subject: preliminary draft cert for your review and comment Sandpoint
Hi Brian,
The Sandpoint draft cert just finished internal review and I thought you might want to take a look
before I submit it for signature. Let me know if you have any questions or suggested changes. Thanks
for all your help on this one.
June








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: FW: Meeting with City of Sandpoint on draft NPDES permit and 401 Cert
Date: Monday, June 13, 2016 7:11:30 AM
Attachments: 20160610175050715.pdf


Are you available June 17? I haven’t officially heard as to whom is invited but I
thought I would check on your availability.
From: Daniel Redline 
Sent: Friday, June 10, 2016 5:49 PM
To: Thomas Herron; June Bergquist; Matthew Plaisted
Cc: Don Essig; Douglas Conde; Nicole Deinarowicz; Barry Burnell
Subject: Meeting with City of Sandpoint on draft NPDES permit and 401 Cert
The Director and I met with the city of Sandpoint and their
consultants this afternoon to discuss their concerns with the current
draft permit and draft 401 certification for the Sandpoint WWTP
discharge. The Director would like us to organize a technical meeting
with the city and JUB (consultants) to discuss some of their specific
concerns prior to the public comment period that ends July 5, 2016.
After talking schedules with Paul Klatt and Brett Converse, we are
currently trying to organize a meeting on Friday, June 17, probably in
Sandpoint. Please let me know your availability to attend, either in
person or by phone.
I will try to briefly summarize some of their key concerns below:
Future permitting actions – they are concerned that if they accept the
current draft permit, it does not ensure that future permits will be
even more restrictive. They want some assurance that if they make a
significant investment in improved treatment so that investment will
have longevity with the need for incurring more costs in the near
future.
Specifically, they want some assurance that a future 401 cert won’t
reduce the mixing zone from 47% (summer) or 60% (winter) to a
lower value and thus have to meet more stringent discharge limits in
the future.
Even more important, they have on-going concerns that it is
inappropriate to use the mixing zone rules for nutrients and that the
401 cert should not apply a mixing zone at all for phosphorus. They
believe mixing zones should only be used for toxic pollutants and not
on nutrients. In their mind, assimilative capacity is the only concern
that we should apply to nutrients like TP. See the attached memo that
we received at the meeting today for more details. JUB has not found
any other NPDES permit in the US that contains a mixing zone for TP.
They think this is a huge precedent to use a mixing zone for TP.
Even though our rules don’t exclude pollutants like TP from applying
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MZ, they believe that all the discussion during the negotiated
rulemaking was focused on acute and chronic effects associated with
toxic pollutants and did not discuss TP directly.
They also have a number of other technical questions regarding some
of the calculations that lead to the current permit limits such as the
river flows, TP effluent variability, and seasonal limits. They also had
concerns that the draft permit requires them to collect fish tissue data
for Hg. This requirement was in the 2014 draft permit and they
submitted comments to EPA about shifting the responsibility for fish
tissue data collection from the state to the permittee. They would like
DEQ to provide some perspective on our plans to address Hg
monitoring and relieve them for collecting this data.
Again, the Director would like for us to meet ASAP with Sandpoint and
their consultants and see if there are any changes that we would
recommend after going over the technical issues with the appropriate
staff.
Let me know if you have any questions and your availability to
participate. Thanks,
Dan Redline
Regional Administrator, Coeur d’Alene Office
Idaho Department of Environmental Quality
Office Phone: 208-769-1422
Direct Line: 208-666-4621
Daniel.redline@deq.idaho.gov
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From: Nickel, Brian
To: "June.Bergquist@deq.idaho.gov"
Subject: RE: preliminary draft cert for your review and comment Sandpoint
Date: Friday, January 22, 2016 12:21:00 PM
Attachments: Draft 401 certification Sandpoint WWTP 1-19-16 draft BN.docx


tsdcalcAug08_BN_Sandpoint_12-2014_PDO_Waterkeeper_RW_Data_CORMIX_MZ_2016-01-22.xlsx


June:
As we discussed this morning, I do have a few comments on the draft cert.
Mostly I want to make sure we square up the mixing zone authorizations with the modeling that I
did; I’ve suggested some edits to address that.
I’m also a little confused about the TP compliance schedule. Right now it’s not clear whether a
compliance schedule is being authorized for all of the TP limits or only for the more stringent June –
September limits. If the intent was to authorize a compliance schedule for all of the TP limits, the
cert would need some additional work, because, as a practical matter, the cert currently does not
authorize a meaningful compliance schedule for the October – May TP limits, because, for that
season, the interim limits are identical to the final limits. If the intent was to authorize a compliance
schedule exclusively for the June – September TP limits, then, all that is needed is some clarification
on that point.
I also came up with interim ammonia limits, as you asked (see also the attached spreadsheet, on the
“Interim NH3” tab). I just adjusted the acute mixing zone (recall that the acute criterion is the
limiting factor) until the average monthly limit was equal to the maximum measured NH3
concentration.
There were a couple of other statements in the cert that didn’t square up with the preliminary draft
permit, specifically the statement on Page 2 that there are no pH limits in the draft permit and the
statement in Appendix A that the permit requires receiving water monitoring for E. coli (it currently
does not, but we could require it, or DEQ could stipulate it in the cert).
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-0165
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Thursday, January 21, 2016 2:31 PM
To: Nickel, Brian 
Cc: June.Bergquist@deq.idaho.gov
Subject: RE: preliminary draft cert for your review and comment Sandpoint
Forgot one thing, I need some interim limits for ammonia, see page 9 if you have a chance. Thanks.
J.


From: June Bergquist 
Sent: Tuesday, January 19, 2016 9:29 AM
To: Brian Nickel (Nickel.Brian@epamail.epa.gov)
Cc: June Bergquist
Subject: preliminary draft cert for your review and comment Sandpoint
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N&P Effluent Data Summary


			Monitoring Period End Date			(All)


			Monitoring Location Code			1


			Limit Unit Desc			(All)


			Statistical Base Long Desc			Daily Maximum


			Parameter Code			(Multiple Items)


						Data


			Parameter Desc			Max of DMR Value			Count of DMR Value			StdDev of DMR Value2			Average of DMR Value2			CV


			Nitrogen, ammonia total (as N)			32.00			120.00			6.79			16.60			0.41


			Nitrogen, Kjeldahl, total (as N)			30.70			38.00			6.09			19.88			0.31


			Nitrogen, nitrate total (as N)			2.40			37.00			0.39			1.19			0.33


			Nitrogen, nitrite total (as N)			0.70			6.00			0.11			0.60			0.18


			Phosphate, ortho, dissolved (as P)			3.66			38.00			0.87			2.10			0.42


			Phosphorus, total (as P)			4.26			39.00			0.78			2.41			0.33








WET


			Date			Species			IC25 or NOEC Reproduction or Growth (% Effluent)			NOEC Survival (% Effluent)			Tuc Reproduction or Growth			Tuc Survival			Max Tuc						Comment


			July-05			Fathead Minnow			50			100			2.00			1.00			2.00


			July-05			Ceriodaphnia			100			100			1.00			1.00			1.00			2.00


			October-05			Fathead Minnow			50			50			2.00			2.00			2.00


			October-05			Ceriodaphnia			50			50			2.00			2.00			2.00			2.00


			January-06			Fathead Minnow			100			100			1.00			1.00			1.00


			January-06			Ceriodaphnia			100.0			100			1.00			1.00			1.00			1.00


																		Maximum			2.00			2.00


																		Average			1.50			1.67


																		Standard Deviation			0.55			0.58


																		CV			0.37			0.35








Pretreatment Testing


						Effluent Concentrations


			Date			Arsenic (µg/L)			Cadmium			Chromium (µg/L)			Copper (µg/L)			Cyanide (µg/L)			Lead (µg/L)			Mercury (µg/L)			Molybdenum (µg/L)			Nickel			Selenium			Sliver			Zinc (µg/L)			Zinc Remark


			11/13/01			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			70


			11/14/01			ND			ND			ND			20.0			ND			ND			ND			ND			ND			ND			ND			70


			11/15/01			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			60


			5/14/02			ND			ND			ND			10.0			ND			40			ND			ND			ND			ND			ND			70


			5/15/02			ND			ND			ND			30.0			ND			ND			ND			ND			ND			ND			ND			70


			5/16/02			ND			ND			ND			20.0			ND			ND			ND			ND			ND			ND			ND			80


			11/18/02			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			130


			11/19/02			ND			ND			ND			20.0			ND			ND			ND			ND			ND			ND			ND			90


			11/20/02			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			80


			5/2/03			ND			ND			ND			10.0			ND			ND			ND			ND			ND			ND			ND			6.5			ND; PQL = 13


			5/6/03			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			50


			5/7/03			ND			ND			ND			20.0			ND			ND			ND			ND			ND			ND			ND			60


			11/17/03			ND			ND			ND			20.0			ND			ND			ND			ND			ND			ND			ND			140


			11/18/03			ND			ND			ND			20.0			ND			ND			ND			ND			ND			ND			ND			100


			11/19/03			ND			ND			ND			20.0			ND			ND			ND			ND			ND			ND			ND			90


			5/10/04			ND			ND			ND			ND			ND			ND			ND			15			ND			ND			ND			6.5			ND; PQL = 13


			5/11/04			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			60


			5/12/04			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			59


			11/8/04			ND			ND			ND			ND			ND			ND			ND			11			ND			ND			ND			38


			11/9/04			ND			ND			ND			20.0			ND			ND			ND			ND			ND			ND			ND			32


			11/10/04			ND			ND			ND			ND			ND			ND			ND			29			ND			ND			ND			38


			5/23/05			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			46


			5/24/05			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			39


			5/25/05			ND			ND			ND			16.0			ND			ND			ND			ND			ND			ND			ND			51


			11/8/05			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			50


			11/9/05			ND			ND			ND			20.0			ND			ND			ND			ND			ND			ND			ND			44


			11/10/05			ND			ND			ND			15.0			ND			ND			ND			ND			ND			ND			ND			48


			5/23/06			ND			ND			ND			15.0			2.00			ND			ND			ND			ND			ND			ND			100


			5/24/06			ND			ND			ND			12.0			1.00			ND			ND			ND			ND			ND			ND			66


			5/25/06			ND			ND			ND			ND			2.00			ND			ND			ND			ND			ND			ND			62


			11/20/06			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			52


			11/21/06			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			38


			11/22/06			ND			ND			ND			10.0			ND			ND			ND			ND			ND			ND			ND			37


			5/7/07			ND			ND			ND			10.0			ND			ND			ND			ND			ND			ND			ND			92


			5/8/07			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			73


			5/9/07			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			69


			11/6/07			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			140


			11/7/07			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			158


			11/8/07			ND			ND			ND			10.0			ND			36			ND			ND			ND			ND			ND			61


			5/6/08			ND			ND			ND			13.0			ND			ND			ND			ND			ND			ND			ND			115


			5/7/08			ND			ND			ND			ND			ND			20			ND			ND			ND			ND			ND			84


			5/8/08			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			78


			11/4/08			ND			ND			ND			41.0			ND			ND			1.1			ND			ND			ND			ND			253


			11/5/08			ND			ND			ND			42.0			ND			25			0.8			ND			ND			ND			ND			178


			11/6/08			ND			ND			ND			34.0			ND			36			ND			ND			ND			ND			ND			145


			5/5/09			ND			ND			ND			22.0			ND			ND			ND			ND			ND			ND			ND			66


			5/6/09			ND			ND			ND			18.0			ND			ND			ND			ND			ND			ND			ND			59


			5/7/09			ND			ND			ND			15.0			ND			ND			ND			ND			ND			ND			ND			49


			11/3/09			ND			ND			ND			17.0			ND			ND			ND			ND			ND			ND			ND			115


			11/4/09			ND			ND			14			17.0			ND			ND			ND			ND			ND			ND			ND			98


			11/5/09			ND			ND			ND			12.0			ND			ND			ND			ND			ND			ND			ND			92


			6/14/10			ND			ND			ND			12.0			ND			ND			ND			ND			ND			ND			ND			55


			6/15/10			ND			ND			ND			12.0			ND			ND			ND			ND			ND			ND			ND			51


			6/16/10			ND			ND			ND			13.0			ND			ND			ND			ND			ND			ND			ND			54


			11/15/10			ND			ND			ND			11.0			ND			ND			ND			ND			ND			ND			ND			55


			11/16/10			ND			ND			ND			11.0			ND			ND			ND			ND			ND			ND			ND			49


			11/17/10			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			42


			5/2/11			130			ND			ND			11.0			ND			ND			ND			ND			ND			ND			ND			60


			5/3/11			ND			ND			ND			11.0			ND			ND			ND			ND			ND			ND			ND			55


			5/4/11			ND			ND			ND			15.0			ND			ND			ND			ND			ND			ND			ND			53


			11/7/11			ND			ND			ND			21.0			ND			ND			ND			ND			ND			ND			ND			15


			11/8/11			ND			ND			ND			22.0			ND			ND			ND			ND			ND			ND			ND			14


			11/9/11			ND			ND			ND			21.0			ND			ND			ND			ND			ND			ND			ND			13


			5/7/12			ND			ND			ND			10.8			ND			ND			ND			ND			ND			ND			ND			93


			5/8/12			ND			ND			ND			10.5			ND			ND			ND			ND			ND			ND			ND			77


			5/9/12			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			ND			53


			Maximum			130.00			0.00			14.00			42.00			2.00			40.00			1.10			29.00			0.00			0.00			0.00			253


			Average																																				71


			Standard Deviation																																				42





			Count																																				66


			CV																																				0.586








5-2014 Low Level Silver


			Date			Silver (µg/L)


			5/14/14			0.70


			5/13/14			0.68


			5/12/14			0.69


			11/3/14			0.52


			11/4/14			0.48


			11/5/14			0.48


			5/5/15			0.82


			5/6/15			0.76


			5/7/15			0.74


			Maximum			0.82








Arsenic


									Effluent Concentrations


			Date			Remark			Arsenic (µg/L)


			11/7/11			BLOQ			25


			11/8/11			BLOQ			25


			11/9/11			BLOQ			25


			5/7/12			BLOQ			25


			5/8/12			BLOQ			25


			5/9/12			BLOQ			25


			11/13/01			BLOQ			50


			11/14/01			BLOQ			50


			11/15/01			BLOQ			50


			5/14/02			BLOQ			50


			5/15/02			BLOQ			50


			5/16/02			BLOQ			50


			11/18/02			BLOQ			50


			11/19/02			BLOQ			50


			11/20/02			BLOQ			50


			5/2/03			BLOQ			50


			5/6/03			BLOQ			50


			5/7/03			BLOQ			50


			11/17/03			BLOQ			50


			11/18/03			BLOQ			50


			11/19/03			BLOQ			50


			5/10/04			BLOQ			50


			5/11/04			BLOQ			50


			5/12/04			BLOQ			50


			11/8/04			BLOQ			50


			11/9/04			BLOQ			50


			11/10/04			BLOQ			50


			5/23/05			BLOQ			50


			5/24/05			BLOQ			50


			5/25/05			BLOQ			50


			11/8/05			BLOQ			50


			11/9/05			BLOQ			50


			11/10/05			BLOQ			50


			5/23/06			BLOQ			50


			5/24/06			BLOQ			50


			5/25/06			BLOQ			50


			11/20/06			BLOQ			50


			11/21/06			BLOQ			50


			11/22/06			BLOQ			50


			5/7/07			BLOQ			50


			5/8/07			BLOQ			50


			5/9/07			BLOQ			50


			11/6/07			BLOQ			50


			11/7/07			BLOQ			50


			11/8/07			BLOQ			50


			5/6/08			BLOQ			50


			5/7/08			BLOQ			50


			5/8/08			BLOQ			50


			11/4/08			BLOQ			50


			11/5/08			BLOQ			50


			11/6/08			BLOQ			50


			5/5/09			BLOQ			50


			5/6/09			BLOQ			50


			5/7/09			BLOQ			50


			11/3/09			BLOQ			50


			11/4/09			BLOQ			50


			11/5/09			BLOQ			50


			6/14/10			BLOQ			50


			6/15/10			BLOQ			50


			6/16/10			BLOQ			50


			11/15/10			BLOQ			50


			11/16/10			BLOQ			50


			11/17/10			BLOQ			50


			5/3/11			BLOQ			50


			5/4/11			BLOQ			50


			5/2/11						130


			From MLE


			Maximum			130


			Average			3.1615184543


			Standard Deviation			16.1776636102


			Count			66


			CV			5.1170549354








Chromium





			Date			Remark			Chromium (µg/L)


			11/13/01			BLOQ			10


			11/14/01			BLOQ			10


			11/15/01			BLOQ			10


			5/14/02			BLOQ			10


			5/15/02			BLOQ			10


			5/16/02			BLOQ			10


			11/18/02			BLOQ			10


			11/19/02			BLOQ			10


			11/20/02			BLOQ			10


			5/2/03			BLOQ			10


			5/6/03			BLOQ			10


			5/7/03			BLOQ			10


			11/17/03			BLOQ			10


			11/18/03			BLOQ			10


			11/19/03			BLOQ			10


			5/10/04			BLOQ			10


			5/11/04			BLOQ			10


			5/12/04			BLOQ			10


			11/8/04			BLOQ			10


			11/9/04			BLOQ			10


			11/10/04			BLOQ			10


			5/23/05			BLOQ			10


			5/24/05			BLOQ			10


			5/25/05			BLOQ			10


			11/8/05			BLOQ			10


			11/9/05			BLOQ			10


			11/10/05			BLOQ			10


			5/23/06			BLOQ			10


			5/24/06			BLOQ			10


			5/25/06			BLOQ			10


			11/20/06			BLOQ			10


			11/21/06			BLOQ			10


			11/22/06			BLOQ			10


			5/7/07			BLOQ			10


			5/8/07			BLOQ			10


			5/9/07			BLOQ			10


			11/6/07			BLOQ			10


			11/7/07			BLOQ			10


			11/8/07			BLOQ			10


			5/6/08			BLOQ			10


			5/7/08			BLOQ			10


			5/8/08			BLOQ			10


			11/4/08			BLOQ			10


			11/5/08			BLOQ			10


			11/6/08			BLOQ			10


			5/5/09			BLOQ			10


			5/6/09			BLOQ			10


			5/7/09			BLOQ			10


			11/3/09			BLOQ			10


			11/5/09			BLOQ			10


			6/14/10			BLOQ			10


			6/15/10			BLOQ			10


			6/16/10			BLOQ			10


			11/15/10			BLOQ			10


			11/16/10			BLOQ			10


			11/17/10			BLOQ			10


			5/2/11			BLOQ			10


			5/3/11			BLOQ			10


			5/4/11			BLOQ			10


			11/7/11			BLOQ			10


			11/8/11			BLOQ			10


			11/9/11			BLOQ			10


			5/7/12			BLOQ			10


			5/8/12			BLOQ			10


			5/9/12			BLOQ			10


			11/4/09						14


			From MLE


			Maximum			14


			Average			2.2142960047


			Standard Deviation			2.1787513096


			Count			66


			CV			0.9839476316








Copper


			Date			Remark			Copper (µg/L)


			11/13/01			BLOQ			10


			11/15/01			BLOQ			10


			11/18/02			BLOQ			10


			11/20/02			BLOQ			10


			5/6/03			BLOQ			10


			5/10/04			BLOQ			10


			5/11/04			BLOQ			10


			5/12/04			BLOQ			10


			11/8/04			BLOQ			10


			11/10/04			BLOQ			10


			5/23/05			BLOQ			10


			5/24/05			BLOQ			10


			11/8/05			BLOQ			10


			5/25/06			BLOQ			10


			11/20/06			BLOQ			10


			11/21/06			BLOQ			10


			5/8/07			BLOQ			10


			5/9/07			BLOQ			10


			11/6/07			BLOQ			10


			11/7/07			BLOQ			10


			5/7/08			BLOQ			10


			5/8/08			BLOQ			10


			11/17/10			BLOQ			10


			5/9/12			BLOQ			10.0


			11/5/08						42


			11/4/08						41


			11/6/08						34


			5/15/02						30


			5/5/09						22


			11/8/11						22.0


			11/7/11						21.0


			11/9/11						21.0


			11/14/01						20


			5/16/02						20


			11/19/02						20


			5/7/03						20


			11/17/03						20


			11/18/03						20


			11/19/03						20


			11/9/04						20


			11/9/05						20


			5/6/09						18


			11/3/09						17


			11/4/09						17


			5/25/05						16


			11/10/05						15


			5/23/06						15


			5/7/09						15


			5/4/11						15


			5/6/08						13


			6/16/10						13


			5/24/06						12


			11/5/09						12


			6/14/10						12


			6/15/10						12


			11/15/10						11


			11/16/10						11


			5/2/11						11


			5/3/11						11


			5/7/12						10.8


			5/8/12						10.5


			5/14/02						10


			5/2/03						10


			11/22/06						10


			5/7/07						10


			11/8/07						10


			From MLE


			Maximum			42


			Average			13.50263881


			Standard Deviation			8.0704616954


			CV			0.5976951475


			Count			66








Lead


			Date			Remark			Lead (µg/L)


			11/7/11			BLOQ			10


			11/8/11			BLOQ			10


			11/9/11			BLOQ			10


			5/7/12			BLOQ			10


			5/8/12			BLOQ			10


			5/9/12			BLOQ			10


			11/13/01			BLOQ			20


			11/14/01			BLOQ			20


			11/15/01			BLOQ			20


			5/15/02			BLOQ			20


			5/16/02			BLOQ			20


			11/18/02			BLOQ			20


			11/19/02			BLOQ			20


			11/20/02			BLOQ			20


			5/2/03			BLOQ			20


			5/6/03			BLOQ			20


			5/7/03			BLOQ			20


			11/17/03			BLOQ			20


			11/18/03			BLOQ			20


			11/19/03			BLOQ			20


			5/10/04			BLOQ			20


			5/11/04			BLOQ			20


			5/12/04			BLOQ			20


			11/8/04			BLOQ			20


			11/9/04			BLOQ			20


			11/10/04			BLOQ			20


			5/23/05			BLOQ			20


			5/24/05			BLOQ			20


			5/25/05			BLOQ			20


			11/8/05			BLOQ			20


			11/9/05			BLOQ			20


			11/10/05			BLOQ			20


			5/23/06			BLOQ			20


			5/24/06			BLOQ			20


			5/25/06			BLOQ			20


			11/20/06			BLOQ			20


			11/21/06			BLOQ			20


			11/22/06			BLOQ			20


			5/7/07			BLOQ			20


			5/8/07			BLOQ			20


			5/9/07			BLOQ			20


			11/6/07			BLOQ			20


			11/7/07			BLOQ			20


			5/6/08			BLOQ			20


			5/8/08			BLOQ			20


			11/4/08			BLOQ			20


			5/5/09			BLOQ			20


			5/6/09			BLOQ			20


			5/7/09			BLOQ			20


			11/3/09			BLOQ			20


			11/4/09			BLOQ			20


			11/5/09			BLOQ			20


			6/14/10			BLOQ			20


			6/15/10			BLOQ			20


			6/16/10			BLOQ			20


			11/15/10			BLOQ			20


			11/16/10			BLOQ			20


			11/17/10			BLOQ			20


			5/2/11			BLOQ			20


			5/3/11			BLOQ			20


			5/4/11			BLOQ			20


			11/5/08						25


			11/8/07						36


			11/6/08						36


			5/14/02						40


			5/7/08						20


			From MLE


			Maximum			40


			Average			6.3927748021


			Standard Deviation			8.2829207625


			CV			1.2956690981


			Count			66








Mercury





			Date			Remark			Mercury (µg/L)


			5/7/12			BLOQ			0.20


			5/8/12			BLOQ			0.20


			5/9/12			BLOQ			0.20


			11/13/01			BLOQ			0.50


			11/14/01			BLOQ			0.50


			11/15/01			BLOQ			0.50


			5/14/02			BLOQ			0.50


			5/15/02			BLOQ			0.50


			5/16/02			BLOQ			0.50


			11/18/02			BLOQ			0.50


			11/19/02			BLOQ			0.50


			11/20/02			BLOQ			0.50


			5/2/03			BLOQ			0.50


			5/6/03			BLOQ			0.50


			5/7/03			BLOQ			0.50


			11/17/03			BLOQ			0.50


			11/18/03			BLOQ			0.50


			11/19/03			BLOQ			0.50


			5/10/04			BLOQ			0.50


			5/11/04			BLOQ			0.50


			5/12/04			BLOQ			0.50


			11/8/04			BLOQ			0.50


			11/9/04			BLOQ			0.50


			11/10/04			BLOQ			0.50


			5/23/05			BLOQ			0.50


			5/24/05			BLOQ			0.50


			5/25/05			BLOQ			0.50


			11/8/05			BLOQ			0.50


			11/9/05			BLOQ			0.50


			11/10/05			BLOQ			0.50


			5/23/06			BLOQ			0.50


			5/24/06			BLOQ			0.50


			5/25/06			BLOQ			0.50


			11/20/06			BLOQ			0.50


			11/21/06			BLOQ			0.50


			11/22/06			BLOQ			0.50


			5/7/07			BLOQ			0.50


			5/8/07			BLOQ			0.50


			5/9/07			BLOQ			0.50


			11/6/07			BLOQ			0.50


			11/7/07			BLOQ			0.50


			11/8/07			BLOQ			0.50


			5/6/08			BLOQ			0.50


			5/7/08			BLOQ			0.50


			5/8/08			BLOQ			0.50


			11/6/08			BLOQ			0.50


			5/5/09			BLOQ			0.50


			5/6/09			BLOQ			0.50


			5/7/09			BLOQ			0.50


			11/3/09			BLOQ			0.50


			11/4/09			BLOQ			0.50


			11/5/09			BLOQ			0.50


			6/14/10			BLOQ			0.50


			6/15/10			BLOQ			0.50


			6/16/10			BLOQ			0.50


			11/15/10			BLOQ			0.50


			11/16/10			BLOQ			0.50


			11/17/10			BLOQ			0.50


			5/2/11			BLOQ			0.50


			5/3/11			BLOQ			0.50


			5/4/11			BLOQ			0.50


			11/7/11			BLOQ			0.50


			11/8/11			BLOQ			0.50


			11/9/11			BLOQ			0.50


			11/5/08						0.8


			11/4/08						1.1


			From MLE


			Maximum			1.1


			Average			0.0733567186


			Standard Deviation			0.1722078981


			Count			66


			CV			2.3475409128








Nickel


			Date			Nickel (µg/L)


			5/14/14			1


			5/13/14			1


			5/12/14			1


			11/3/14			1.43


			11/4/14			1.18


			11/5/14			1.01


			5/5/15			1.21


			5/6/15			1.27


			5/7/15			1.03


			Maximum			1.43


			Count			9








Background Hg Est


												TL2 National BAF (L/kg)			120,000


			Site			FT Hg, measured (ng/g)			FT Hg, measured (ng/kg)			Water Column Hg, CALCULATED (ng/L)			Water Column Hg, CALCULATED (µg/L)


			Lake Pend Oreille			611			611000			5.09			0.00509			Water column Hg calculated from the FT MeHg concentration and the national BAF.








ID Metal Criteria Read Me


			Hardness dependent metals criteria are calculated by formula.  Formulas were originally based 


			on total recoverable metals values.*  EPA subsequently recommended metals criteria be based 


			on the more bioavailable dissolved form, and developed conversion factors to 


			estimate the dissolved fraction used in developing the original 


			total recoverable criteria.  Idaho subsequently adopted both the conversion factors


			and the published formula values as its criteria.  The "Criteria" worksheet calculates both the conversion factors


			and resulting criteria values for a given hardness value, expressed as mg/L calcium carbonate. 


			Except for Cadmiun, the minimum hardness allowed is 25 mg/L, and the maxiumum is 400 mg/L, see 40 CFR 131.36.c.4.


			For Cadmium the low hardness limit was set at 10 mg/L by Idaho rule adopted March 29, 2010.


			The minimum hardness limits are included in the spreadsheet; the 400 mg/L maximum hardness limit must be manually entered.


			Hardness dependent criteria published in Idaho's Water Quality Standards (see reference below) are calculated at a hardness of 100 mg/L.


			In general any calculated criterion should be rounded to two significant figures for use, as precision of measurement does not justify more significant figures.


			Criteria published in Idaho's Water Quality Standards (see reference below) are rounded to 2 significant figures, except for Cadmium CCC.


			The Cadmium CCC is rounded to 1 significant figure as this criterion approaches the analytical detection limit.


			*This is not the case for the Idaho Cadmium CMC, whose hardness regression was developed using dissolved metals values,


			  thus its formula results in a dissolved criterion value and needs no conversion.


			References:


			IDAPA 58.01.02.210.02


			http://adm.idaho.gov/adminrules/rules/idapa58/0102.pdf


			40 CFR 131.36 (most sections of this are incorporated by reference in the above Idaho water quality standards)


			If you have any questions please contact:


			Don A. Essig


			Water Quality Standards Program Manager


			Idaho Department of Environmental Quality


			1410 N. Hilton


			Boise, ID 83706 USA


			208 373 0119


			fax 208 373 0576


			Don.Essig@DEQ.Idaho.Gov


			This spreadsheet was initially created by my predecessor: Christopher Mebane on May 30, 2003


			Revision History


			Jan 12, 2001						Corrected Cr VI value by using raw criterion to 1 decimal place instead of none, then rounded to none after conversion. 


			April 5, 2001						Updated criteria to reflect rule docket 58-0102-0301, affects Cd (CMC only), Cr III, Hg, Ni, and Zn


			April 11, 2002						Updated Cd criteria, rule docket 58-0102-0503, these are site-specific criteria developed for Idaho.


			Jan 17, 2003						Corrected error in Cd CMC calculation. Per footnote a. in table in section 210.02 of WQS, this criterion does not


									  need to be converted to a dissolved basis. See text at top of sheet.


			Nov 18, 2008						Corrected ommission in spreadsheet of 2005 update to Cr VI criteria (Docket 58-0102-0301)


			Mar 29, 2010						Updated Cd criteria calculation to reflect Docket 58-0102-0801 lowering the low limit on hardness used in calculation from 25 mg/L to 10/mg/L.





http://adm.idaho.gov/adminrules/rules/idapa58/0102.pdfmailto:Don.Essig@DEQ.Idaho.Gov


ID Metal Criteria


						Enter hardness


Chis Mebane: Enter actual hardness <= 400 mg/l
Formulas will implement low hardness caps. For hardness > 400, enter 400.			CMC Conversion factor


Chis Mebane: Chis Mebane:
Other cells are locked to avoid overtyping formulas.  If worksheet protection is removed they may be edited,but will not return ID criteria values. There is no password.			CCC Conversion factor			CMC (ug/l)			CCC (ug/l)


			Statewide criteria


			Cadmium			56.1			0.968			0.933			0.83			0.41


			Chromium III			56.1			0.316			0.860			355			46


			Chromium VI			56.1			0.982			0.962			15.7			10.6


			Copper			56.1			0.960			0.960			9.9			6.9


			Lead			56.1			0.875			0.875			34			1.3


			Mercury			56.1			0.850			1.000			NA			NA


			Nickel			56.1			0.998			0.997			287			32


			Silver			56.1			0.850						1.3


			Zinc			56.1			0.978			0.986			72			72





			Site-specific criteria


			South Fork Coeur d'Alene River, HUC 17010302, IDAPA 58.0102.284


						Enter Hardness


Chis Mebane: Enter Actual Hardness
No lower ambient hardness "caps"			CMC Conversion factor			CCC Conversion factor			CMC (ug/l)			CCC (ug/l)


			Cadmium			50			NA			NA			1.03			0.62


			Lead			50			NA			NA			129			14.7


			Zinc			50			NA			NA			123			123





			Boise River, HUC 17050114, IDAPA IDAPA 58.0102.278


						Hardness


Chis Mebane: Enter actual hardness (>=25 mg/l)
For ambient hardnesses less than 25 mg/l, enter 25.			


Chis Mebane: Enter Actual Hardness
No lower ambient hardness "caps"						Water-effect ratio (WER)			CMC (ug/l)			CCC (ug/l)


			Copper			50						2.578			22.8			16.2


			Lead			50						2.049			61.7			2.4





			CMC (criterion maximum concentration) "acute" criteria is the one hour average concentration


			 not to be exceeded more than once every three years.


			CCC (criterion continuous concentration) "chronic" criteria is the 4-day average concentration


			 not to be exceeded more than once every three years.


			To calculate hardness from Ca and Mg concentrations


			Note:  Hardness (mg/l as CaCO3) = 2.497 Ca + 4.118 Mg												(APHA 1992)


			Calcium			Magnesium			Hardness


			2.37			0.5			7.977





&"Geneva,Bold"Idaho Hardness Dependent Metals Criteria	






ID NH3 Criteria


			Enter Temperature			Enter pH			CMC-Salmonids present  (mg N/L)


Chris Mebane: mg N/L
			CCC- Fish ELS present (mg N/L)


Chris Mebane: mg N/L



			22			9			0.9			0.30


			22			7.5			13.2			2.69


			15			8			5.6			2.36


			22			8			5.6			1.50


			15			8.5			2.1			1.06


			25			8.5			2.1			0.55





			Notes:  See Idaho Water Quality Standards at IDAPA 58.01.02.250.d and EPA 1999 Ammonia criteria document for details


			The CMC and CCC equations listed are generally the applicable statewide criteria.


			Alternatives listed in IDAPA 58.01.02.250 need to be justified based upon site-specific application


			To avoid accidental overtyping of equations, the worksheet is protected except for


			the temperature and pH cells.  


			Idaho Department of Environmental Quality


			1410 N. Hilton


			Boise, ID  83706


			208.373.0502





Idaho Ammonia Criteria	






Flow & MZ 100%


			Design Flow (mgd)			5


			Design Flow (CFS)			7.7


			MZ%			100%


			Season			1Q10 (cfs)			7Q10 (cfs)			30B3 (cfs)			30Q5			Harmonic Mean


			Year Round			2410			3880			8090			7360			16800





			Season			Acute DF			Chronic DF			30B3 DF			30Q5 DF			Harmonic Mean DF


			Year Round			313			503			1047			952			2173





			WET RWC						0.20%














































































































































































































































































































































































































































































































































































































































































































































































































Flow & MZ


			Design Flow (mgd)			5


			Design Flow (CFS)			7.7


						Acute			Chronic			Chronic Ammonia			Human Health Non-Carcinogen			Human Health Carcinogen


			MZ%			15.1%			25.0%			12.1%			25%			25%








			Season			1Q10 (cfs)			7Q10 (cfs)			30B3 (cfs)			30Q5			Harmonic Mean


			Year Round			2410			3880			8090			7360			16800





			Season			Acute DF			Chronic DF			30B3 DF			30Q5 DF			Harmonic Mean DF


			Year Round			48			126.4			128.0			239			544





			WET RWC			2.08%			0.791%			0.781%














































































































































































































































































































































































































































































































































































































































































































































































































Flow & MZ NH3 Interim


			Design Flow (mgd)			5


			Design Flow (CFS)			7.7


						Acute			Chronic Ammonia


			MZ%			23.6%			12.1%








			Season			1Q10 (cfs)			30B3 (cfs)


			Year Round			2410			8090





			Season			Acute DF			30B3 DF


			Year Round			74.6			128.0





			WET RWC			1.34%			0.781%














































































































































































































































































































































































































































































































































































































































































































































































































REASPOT.XLS














			Effluent Percentile value			99%


															State Water Quality Standard						Max concentration at edge of...


						Metal Criteria Translator as decimal


A satisfied Microsoft Office user: If calculating reasonable potential for metals there must be a translator value placed in columns B and C. Use the  translator from site studies or from CRITERIA.XLS			Metal Criteria Translator as decimal			Ambient Concentration (metals as dissolved)


A satisfied Microsoft Office user: If ambient data is total recoverable, convert to dissolved by multiplying by translator			Acute			Chronic			Acute Mixing Zone			Chronic Mixing Zone			LIMIT REQ'D?						Max effluent conc. measured (metals as total recoverable)			Coeff Variation						# of samples


Dept. of Ecology: This is the number of effluent samples in the set from which the value in column L was taken
			


A satisfied Microsoft Office user: If calculating reasonable potential for metals there must be a translator value placed in columns B and C. Use the  translator from site studies or from CRITERIA.XLS						


A satisfied Microsoft Office user: If ambient data is total recoverable, convert to dissolved by multiplying by translator						


Dept. of Ecology: Use dissolved metals criteria																											Multiplier			Acute Dil'n Factor			Chronic Dil'n Factor


			Parameter			Acute			Chronic			ug/L			ug/L			ug/L			ug/L			ug/L						Pn			ug/L			CV			s			n												COMMENTS


			Ammonia (mg/L)			1.00			1.00			0.040			0.882			0.300			0.866			0.350			YES			0.962			32.0			0.41			0.39			120			1.240			48			128


			Arsenic (Aquatic Life)			1.00			1.00						340			150			12.26			4.66			NO			0.933			130			5.12			1.82			66			4.53			48			126


			Arsenic (Human Health)			1.00			1.00									10						2.46			NO			0.933			130			5.12			1.82			66			4.53						239


			Chlorine			1.00			1.00			0.0000			19.0			11.0			22.9			8.70			YES			N/A			1100			N/A			N/A			N/A			1.00			48			126			Previous Max. Daily Conc. Limit


			Chromium III			0.32			0.86						355			46			0.18			0.19			NO			0.933			14.0			0.98			0.82			66			1.98			48			126


			Chromium VI			0.98			0.96						15.7			10.6			0.57			0.21			NO			0.933			14.0			0.98			0.82			66			1.98			48			126


			Copper			0.96			0.96			2.00			9.87			6.93			3.29			2.49			NO			0.933			42.0			0.60			0.55			66			1.58			48			126


			Cyanide			1.00			1.00						22.0			5.2			0.07			0.03			NO			0.933			2.00			0.60			0.55			66			1.59			48			126


			Lead			0.88			0.88						34.2			1.3			1.66			0.63			NO			0.933			40.0			1.30			0.99			66			2.28			48			126


			Mercury			1.00			1.00			0.00509			2.100			0.012			0.041			0.019			YES			0.933			1.10			0.60			0.55			66			1.59			48			126


			Nickel			1.00			1.00						287			31.9			0.094			0.036			NO			0.599			1.43			0.60			0.55			9			3.16			48			126


			Nitrate + Nitrite (mg/L)			1.00			1.00			0.1000						10.0						0.114			NO			0.883			2.40			0.33			0.32			37			1.43						239


			Silver			0.85									1.28						0.046						NO			0.599			0.82			0.60			0.55			9			3.16			48


			Zinc			0.98			0.99						71.8			72.4			8.09			3.10			NO			0.933			253			0.59			0.54			66			1.57			48			126


			WET			1.00			1.00						3.00			1.00			0.23			0.09			NO			0.215			2.00			0.60			0.55			3			5.62			48			126


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!




























































































































































































































































































































































































































































































































































































































































































&D &T
&F	&14&BREASONABLE POTENTIAL CALCULATION	
NPDES Permit No.




This spreadsheet calculates the reasonable potential to exceed state water quality standards for a small number of samples. The procedure and calculations are done per the procedure in Technical Support Document for Water Quality-based Toxics Control, U.S. EPA, March, 1991 (EPA/505/2-90-001) on page 56.  User input columns are shown with red headings.  Corrected  formulas in col G  and H  on 5/98 (GB)


Spreadsheet prepared by G.Shervey, WA Dept. of Ecology, NW Regional Office on 2-5-93.  Last revised 4-25-95 by G Shervey.





REASPOT.XLS EOP














			Effluent Percentile value			99%


															State Water Quality Standard						Max concentration at edge of...


						Metal Criteria Translator as decimal


A satisfied Microsoft Office user: If calculating reasonable potential for metals there must be a translator value placed in columns B and C. Use the  translator from site studies or from CRITERIA.XLS			Metal Criteria Translator as decimal			Ambient Concentration (metals as dissolved)


A satisfied Microsoft Office user: If ambient data is total recoverable, convert to dissolved by multiplying by translator			Acute			Chronic			Acute Mixing Zone			Chronic Mixing Zone			LIMIT REQ'D?						Max effluent conc. measured (metals as total recoverable)			Coeff Variation						# of samples


Dept. of Ecology: This is the number of effluent samples in the set from which the value in column L was taken
			


A satisfied Microsoft Office user: If calculating reasonable potential for metals there must be a translator value placed in columns B and C. Use the  translator from site studies or from CRITERIA.XLS						


A satisfied Microsoft Office user: If ambient data is total recoverable, convert to dissolved by multiplying by translator						


Dept. of Ecology: Use dissolved metals criteria																											Multiplier			Acute Dil'n Factor			Chronic Dil'n Factor


			Parameter			Acute			Chronic			ug/L			ug/L			ug/L			ug/L			ug/L						Pn			ug/L			CV			s			n												COMMENTS


			Ammonia (mg/L)			1.00			1.00			0.040			0.882			0.300			39.685			39.685			YES			0.962			32.0			0.41			0.39			120			1.240			1			1


			Arsenic (Aquatic Life)			1.00			1.00						340			150			588.46			588.46			YES			0.933			130			5.12			1.82			66			4.53			1			1


			Arsenic (Human Health)			1.00			1.00									10						588.46			YES			0.933			130			5.12			1.82			66			4.53			1			1


			Chlorine			1.00			1.00			0.0000			19.0			11.0			1100.0			1100.00			YES			N/A			1100			N/A			N/A			N/A			1.00			1			1			Previous Max. Daily Conc. Limit


			Chromium III			0.32			0.86						355			46			8.76			23.85			NO			0.933			14.0			0.98			0.82			66			1.98			1			1


			Chromium VI			0.98			0.96						15.7			10.6			27.24			26.68			YES			0.933			14.0			0.98			0.82			66			1.98			1			1


			Copper			0.96			0.96			2.00			9.87			6.93			63.82			63.82			YES			0.933			42.0			0.60			0.55			66			1.58			1			1


			Cyanide			1.00			1.00						22.0			5.2			3.17			3.17			NO			0.933			2.00			0.60			0.55			66			1.59			1			1


			Lead			0.88			0.88						34.2			1.3			79.87			79.87			YES			0.933			40.0			1.30			0.99			66			2.28			1			1


			Mercury			1.00			1.00			0.00509			2.100			0.012			1.744			1.744			YES			0.933			1.10			0.60			0.55			66			1.59			1			1


			Nickel			1.00			1.00						287			31.9			4.508			4.504			NO			0.599			1.43			0.60			0.55			9			3.16			1			1


			Nitrate + Nitrite (mg/L)			1.00			1.00			0.1000						10.0						3.443			NO			0.883			2.40			0.33			0.32			37			1.43			1			1


			Silver			0.85									1.28						2.202						YES			0.599			0.82			0.60			0.55			9			3.16			1			1


			Zinc			0.98			0.99						71.8			72.4			388.51			391.69			YES			0.933			253			0.59			0.54			66			1.57			1			1


			WET			1.00			1.00						3.00			1.00			11.24			11.24			YES			0.215			2.00			0.60			0.55			3			5.62			1			1


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!


																					ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!			ERROR:#DIV/0!						0.60			0.55						ERROR:#DIV/0!




























































































































































































































































































































































































































































































































































































































































































&D &T
&F	&14&BREASONABLE POTENTIAL CALCULATION	
NPDES Permit No.




This spreadsheet calculates the reasonable potential to exceed state water quality standards for a small number of samples. The procedure and calculations are done per the procedure in Technical Support Document for Water Quality-based Toxics Control, U.S. EPA, March, 1991 (EPA/505/2-90-001) on page 56.  User input columns are shown with red headings.  Corrected  formulas in col G  and H  on 5/98 (GB)


Spreadsheet prepared by G.Shervey, WA Dept. of Ecology, NW Regional Office on 2-5-93.  Last revised 4-25-95 by G Shervey.





LIMIT.XLS


																																																												 


			Statistical variables for permit limit calculation


			LTA Probability Basis			99%


			MDL Probability Basis			99%


			AML Probability Basis			95%


			Permit Limit Calculation Summary																																	Waste Load Allocation (WLA) and Long Term Average (LTA) Calculations


						Acute Dil'n Factor			Chronic Dil'n Factor			Metal Criteria Translator 


Dept. of Ecology: For metals, use the criteria translators from the water quality standards or from a site-specific translator study, if applicable.  Otherwise, enter "1."			Metal Criteria Translator 			Ambient Concentration


Dept. of Ecology: Use dissolved concentrations for metals. If the data is as total recoverable, multiply by the translator to derive dissolved concentrations.			Water Quality Standard Acute


Dept. of Ecology: Use dissolved criteria for metals			Water Quality Standard Chronic


Dept. of Ecology: Use dissolved metals criteria			Average Monthly Limit (AML)


Dept. of Ecology: Limits for metals are given as total recoverable			Maximum Daily Limit (MDL)


Dept. of Ecology: Limits for metals are given as total recoverable			Comments			WLA Acute			WLA Chronic			LTA Acute			LTA Chronic			Limiting LTA			Coeff. Var. (CV)			# of Samples per Month


																																																									


Dept. of Ecology: This column determines if a translator is necessary in calculating the limits and whether to use the acute or chronic translator.  A one in this column means no effective translator.
			


Dept. of Ecology: For metals, use the criteria translators from the water quality standards or from a site-specific translator study, if applicable.  Otherwise, enter "1."						


Dept. of Ecology: Use dissolved concentrations for metals. If the data is as total recoverable, multiply by the translator to derive dissolved concentrations.			


Dept. of Ecology: Use dissolved criteria for metals			


Dept. of Ecology: Use dissolved metals criteria			


Dept. of Ecology: Limits for metals are given as total recoverable			


Dept. of Ecology: Limits for metals are given as total recoverable			PARAMETER									Acute			Chronic			ug/L			ug/L			ug/L			ug/L			ug/L						ug/L			ug/L			ug/L			ug/L			ug/L			decimal			n


			Mercury			48.0			126.4			1.00			1.00			0.0051			2.100			0.012			0.72			1.44						101			0.878			32.3			0.463			0.463			0.60			4.00			1.00


			Ammonia (mg/L)			48.0			126.4			1.00			1.00			0.04			0.88			0.30			21.1			40.5						40.5			32.9			17.5			27.8			17.5			0.41			12.00			1.00


			Chlorine			48.0			126.4			1.00			1.00						19.00			11.00			348			912						912			1390			293			733			293			0.60			30.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00











&D  &T
&F	&12&BWATER QUALITY BASED
PERMIT LIMIT CALCULATIONS	NPDES PERMIT #




This spreadsheet calculates water quality based permit limits based on the two value steady state model using the State Water Quality standards contained in WAC 173-201A.  The procedure and calculations are done per the procedure in Technical Support Document for Water Quality-based Toxics Control, U.S. EPA, March, 1991 (EPA/505/2-90-001) on page 99.  Last revision date 9/98.  Written by G. Shervey


Dilution (Dil'n) factor is the inverse of the percent effluent concentration at the edge of the acute or chronic mixing zone.





NH3 Interim


																																																												 


			Statistical variables for permit limit calculation


			LTA Probability Basis			99%


			MDL Probability Basis			99%


			AML Probability Basis			95%


			Permit Limit Calculation Summary																																	Waste Load Allocation (WLA) and Long Term Average (LTA) Calculations


						Acute Dil'n Factor			Chronic Dil'n Factor			Metal Criteria Translator 


Dept. of Ecology: For metals, use the criteria translators from the water quality standards or from a site-specific translator study, if applicable.  Otherwise, enter "1."			Metal Criteria Translator 			Ambient Concentration


Dept. of Ecology: Use dissolved concentrations for metals. If the data is as total recoverable, multiply by the translator to derive dissolved concentrations.			Water Quality Standard Acute


Dept. of Ecology: Use dissolved criteria for metals			Water Quality Standard Chronic


Dept. of Ecology: Use dissolved metals criteria			Average Monthly Limit (AML)


Dept. of Ecology: Limits for metals are given as total recoverable			Maximum Daily Limit (MDL)


Dept. of Ecology: Limits for metals are given as total recoverable			Comments			WLA Acute			WLA Chronic			LTA Acute			LTA Chronic			Limiting LTA			Coeff. Var. (CV)			# of Samples per Month


																																																									


Dept. of Ecology: This column determines if a translator is necessary in calculating the limits and whether to use the acute or chronic translator.  A one in this column means no effective translator.
			


Dept. of Ecology: For metals, use the criteria translators from the water quality standards or from a site-specific translator study, if applicable.  Otherwise, enter "1."						


Dept. of Ecology: Use dissolved concentrations for metals. If the data is as total recoverable, multiply by the translator to derive dissolved concentrations.			


Dept. of Ecology: Use dissolved criteria for metals			


Dept. of Ecology: Use dissolved metals criteria			


Dept. of Ecology: Limits for metals are given as total recoverable			


Dept. of Ecology: Limits for metals are given as total recoverable			PARAMETER									Acute			Chronic			ug/L			ug/L			ug/L			ug/L			ug/L						ug/L			ug/L			ug/L			ug/L			ug/L			decimal			n


			Ammonia (mg/L)			74.6			126.4			1.00			1.00			0.04			0.88			0.30			32.8			62.9						62.9			32.9			27.2			27.8			27.2			0.41			12.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00


												1.00			1.00												0.0			0.0						0			0			0.0			0.0			0.0			0.60			4.00			1.00











&D  &T
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This spreadsheet calculates water quality based permit limits based on the two value steady state model using the State Water Quality standards contained in WAC 173-201A.  The procedure and calculations are done per the procedure in Technical Support Document for Water Quality-based Toxics Control, U.S. EPA, March, 1991 (EPA/505/2-90-001) on page 99.  Last revision date 9/98.  Written by G. Shervey


Dilution (Dil'n) factor is the inverse of the percent effluent concentration at the edge of the acute or chronic mixing zone.





PERFORMLIM Hg


			PERFORMANCE-BASED EFFLUENT LIMITS


			USE EXCEL TO PERFORM THE LOGNORMAL TRANSFORMATION


GBAI461: transform data to lognormal by using LN( ) function in Excel.  Assume a column of 10 numbers (a1-a10).  In the next column first cell type =LN(a1).  Then copy and paste this formula in the remainder of the b column.  Go to Tools-Data Analysis-Descriptive Statistics.(If you don't see this option go to Tools-Add ins and select Analysis Toolpak) For input data point to your b column numbers. For output range just type in a cell number out of the way.  Select summary statistics at the bottom and then OK.


			 AND CALCULATE THE TRANSFORMED MEAN AND VARIANCE 


																					LOGNORMAL TRANSFORMED MEAN =			-3.8996


						   LOGNORMAL TRANSFORMED VARIANCE =																		2.6129


			        NUMBER OF SAMPLES/MONTH FOR COMPLIANCE MONITORING =																					1


						 AUTOCORRELATION FACTOR( ne)(USE 0 IF UNKNOWN) =															


Dept. of Ecology: insert effective sample size (ne) if accounting for autocorrelation (see E-8 and E-9 of the TSD) otherwise use 0 here
			0


																					E(X) = 			0.0748


																					V(X) =			0.071


																					VARn			2.6129


																					MEANn=			-3.8996


																					VAR(Xn)=			0.071





												MAXIMUM DAILY EFFLUENT LIMIT =												0.870


												AVERAGE MONTHLY EFFLUENT LIMIT =												0.289


												0.2892446302			0.5121692406











PERFORMLIM NH3


			PERFORMANCE-BASED EFFLUENT LIMITS


			USE EXCEL TO PERFORM THE LOGNORMAL TRANSFORMATION


GBAI461: transform data to lognormal by using LN( ) function in Excel.  Assume a column of 10 numbers (a1-a10).  In the next column first cell type =LN(a1).  Then copy and paste this formula in the remainder of the b column.  Go to Tools-Data Analysis-Descriptive Statistics.(If you don't see this option go to Tools-Add ins and select Analysis Toolpak) For input data point to your b column numbers. For output range just type in a cell number out of the way.  Select summary statistics at the bottom and then OK.


			 AND CALCULATE THE TRANSFORMED MEAN AND VARIANCE 


																					LOGNORMAL TRANSFORMED MEAN =			2.6860


						   LOGNORMAL TRANSFORMED VARIANCE =																		0.3375


			        NUMBER OF SAMPLES/MONTH FOR COMPLIANCE MONITORING =																					30


						 AUTOCORRELATION FACTOR( ne)(USE 0 IF UNKNOWN) =															


Dept. of Ecology: insert effective sample size (ne) if accounting for autocorrelation (see E-8 and E-9 of the TSD) otherwise use 0 here
			0


																					E(X) = 			17.3699


																					V(X) =			121.128


																					VARn			0.0133


																					MEANn=			2.8481


																					VAR(Xn)=			4.038





												MAXIMUM DAILY EFFLUENT LIMIT =												57


												AVERAGE MONTHLY EFFLUENT LIMIT =												21


												20.8583720517			20.675308642











PERFORMLIM TP Load AML


			PERFORMANCE-BASED EFFLUENT LIMITS


			USE EXCEL TO PERFORM THE LOGNORMAL TRANSFORMATION


GBAI461: transform data to lognormal by using LN( ) function in Excel.  Assume a column of 10 numbers (a1-a10).  In the next column first cell type =LN(a1).  Then copy and paste this formula in the remainder of the b column.  Go to Tools-Data Analysis-Descriptive Statistics.(If you don't see this option go to Tools-Add ins and select Analysis Toolpak) For input data point to your b column numbers. For output range just type in a cell number out of the way.  Select summary statistics at the bottom and then OK.


			 AND CALCULATE THE TRANSFORMED MEAN AND VARIANCE 


																					LOGNORMAL TRANSFORMED MEAN =			4.1135


						   LOGNORMAL TRANSFORMED VARIANCE =																		0.1399


			        NUMBER OF SAMPLES/MONTH FOR COMPLIANCE MONITORING =																					8


						 AUTOCORRELATION FACTOR( ne)(USE 0 IF UNKNOWN) =															


Dept. of Ecology: insert effective sample size (ne) if accounting for autocorrelation (see E-8 and E-9 of the TSD) otherwise use 0 here
			0


																					E(X) = 			65.5929


																					V(X) =			646.226


																					VARn			0.0186


																					MEANn=			4.1742


																					VAR(Xn)=			80.778





												AVERAGE MONTHLY EFFLUENT LIMIT =												89


												89.2462466543			86.4982329745











PERFORMLIM TP Load AWL


			PERFORMANCE-BASED EFFLUENT LIMITS


			USE EXCEL TO PERFORM THE LOGNORMAL TRANSFORMATION


GBAI461: transform data to lognormal by using LN( ) function in Excel.  Assume a column of 10 numbers (a1-a10).  In the next column first cell type =LN(a1).  Then copy and paste this formula in the remainder of the b column.  Go to Tools-Data Analysis-Descriptive Statistics.(If you don't see this option go to Tools-Add ins and select Analysis Toolpak) For input data point to your b column numbers. For output range just type in a cell number out of the way.  Select summary statistics at the bottom and then OK.


			 AND CALCULATE THE TRANSFORMED MEAN AND VARIANCE 


																					LOGNORMAL TRANSFORMED MEAN =			4.1135


						   LOGNORMAL TRANSFORMED VARIANCE =																		0.1399


			        NUMBER OF SAMPLES/WEEK FOR COMPLIANCE MONITORING =																					2


						 AUTOCORRELATION FACTOR( ne)(USE 0 IF UNKNOWN) =															


Dept. of Ecology: insert effective sample size (ne) if accounting for autocorrelation (see E-8 and E-9 of the TSD) otherwise use 0 here
			0


																					E(X) = 			65.5929


																					V(X) =			646.226


																					VARn			0.0724


																					MEANn=			4.1473


																					VAR(Xn)=			323.113





												AVERAGE WEEKLY EFFLUENT LIMIT =												118


												118.2951712967			107.4035611099











idod2


			Dissolved oxygen concentration following initial dilution.


			References: EPA/600/6-85/002b and EPA/430/9-82-011





			Based on Lotus File IDOD2.WK1 Revised 19-Oct-93





			INPUT


			1.  Dilution Factor at Mixing Zone Boundary:			48.0





			2.  Ambient Dissolved Oxygen Concentration (mg/L):			8.325





			3.  Effluent Dissolved Oxygen Concentration (mg/L):			2.0





			4.  Effluent Immediate Dissolved Oxygen Demand (mg/L):			0.0





			OUTPUT


			Dissolved Oxygen at Mixing Zone Boundary (mg/L):			8.19
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TP RP ERNC June - Sep


			DRAFT


			Parameter			Value			Comments


			Upstream Concentration (mg/L)			0.0073			Lake Pend Oreille Euphotic Zone Target from MT/ID Border Nutrient Load Agreement


			Criterion (mg/L)			0.01			Aggregate Ecoregional


			Upstream River Flow (CFS)			6640			30Q10 for June - Sep


			Upstream River fFlow (mgd)			4291


			Effluent Flow (mgd)			5			Design


			Effluent Flow (CFS)			7.736			Design


			Mixing Zone			47%


			Dilution Factor			404.4





			Reasonable Potential


			Upstream Load (lb/day)			261


			Effluent Load (lb/day)			54.7


			Ratio			20.9%


			Average Discharge Concentration (mg/L)			2.41


			Maximum Projected RW Concentration			0.0132			This is greater than the criterion.  The discharge of phosphorus has the reasonable potential to cause or contribute to WQS violations.








TP RP ERNC Oct - May


			DRAFT


			Parameter			Value			Comments


			Upstream Concentration (mg/L)			0.0073			Lake Pend Oreille Euphotic Zone Target from MT/ID Border Nutrient Load Agreement


			Criterion (mg/L)			0.01			Aggregate Ecoregional


			Upstream River Flow (CFS)			8260			30Q10 for Oct - May


			Upstream River fFlow (mgd)			5338


			Effluent Flow (mgd)			5			Design


			Effluent Flow (CFS)			7.736			Design


			Mixing Zone			60%


			Dilution Factor			641.6





			Reasonable Potential


			Upstream Load (lb/day)			325


			Effluent Load (lb/day)			54.7


			Ratio			16.8%


			Average Discharge Concentration (mg/L)			2.41


			Maximum Projected RW Concentration			0.0110			This is greater than the criterion.  The discharge of phosphorus has the reasonable potential to cause or contribute to WQS violations.












Hi Brian,
The Sandpoint draft cert just finished internal review and I thought you might want to take a look
before I submit it for signature. Let me know if you have any questions or suggested changes. Thanks
for all your help on this one.
June








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov
Subject: FW: PDO River pH data
Date: Friday, August 05, 2016 9:11:20 AM
Attachments: DSP_Aug11_2015.xls


DSP_July15_2015.xls
DSP_June15_2015.xls
DSP_Sept8_2015.xls
RRB Aug11_2015.xls
RRB_July15_2015.xls
RRB_June16_2015.xls
RRB_Sept8_2015.xls
DSP_June18_2013.xls
Downstream Springy Point August 24 2012.xls
2009 DSP RRB.xlsx
Railroad Bridge.pdf
Springy Point.pdf


Brian I hope this helps. The railroad bridge is the one in PDO Lake located east of the “long bridge”
which is Highway 95. You can check out the coordinates below. Let me know if you have any
questions.


From: Kristin Larson 
Sent: Friday, August 05, 2016 8:57 AM
To: June Bergquist
Subject: PDO River pH data
June,
Here is all the pH and temp data on Downstream Springy Point (DSP) and Railroad Bridge (RRB). The
two pdf files show the exact location. Coordinates are:
Downstream Springy Point: N 116° 36' 8" W 48° 14' 23"
Railroad Bridge: N 116° 31' 40" W 48° 15' 29"


Kristin
Kristin Larson
Idaho Department of Environmental Quality
2110 Ironwood Parkway
Coeur d’Alene, ID 83814
(208) 769-1422
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Sheet1


			Date / Time			Temp [°C]			Temp [°F]			pH [Units]			SpCond [µS/cm]			Dep100 [meters]			Dep100 [feet]			Turbidity [NTU]			LDO% [Sat]			LDO [mg/l]			Chlorophyll [µg/l]			Chlorophyll [Volts]


			8/11/15 2:24			21.56			70.8			8.6			157			13.35			43.8			0			95.6			7.88			1.15			0.0163


			8/11/15 2:24			21.56			70.8			8.61			158			13.33			43.7			0			95.3			7.85			1.14			0.0163


			8/11/15 2:24			21.56			70.8			8.6			158			13.35			43.8			0			94.9			7.82			1.15			0.0163


			8/11/15 2:24			21.56			70.8			8.61			158			13.3			43.6			0			94.6			7.8			1.15			0.0163


			8/11/15 2:24			21.56			70.8			8.6			158			13.09			43			0			94.5			7.79			1.15			0.0167


			8/11/15 2:24			21.56			70.8			8.61			158			12.95			42.5			0			94.3			7.78			1.18			0.0168


			8/11/15 2:24			21.57			70.8			8.61			158			12.8			42			0			94.2			7.76			1.19			0.0168


			8/11/15 2:24			21.58			70.8			8.61			157			12.69			41.6			0			94.2			7.76			1.18			0.0171


			8/11/15 2:24			21.61			70.9			8.61			157			12.51			41.1			0			94.1			7.75			1.21			0.0171


			8/11/15 2:24			21.63			70.9			8.61			157			12.2			40			0			94			7.74			1.22			0.0174


			8/11/15 2:24			21.64			71			8.61			157			12.06			39.6			0			94.1			7.74			1.24			0.0177


			8/11/15 2:24			21.65			71			8.61			158			11.88			39			0			94.2			7.75			1.27			0.0182


			8/11/15 2:24			21.66			71			8.61			159			11.74			38.5			0			94.2			7.75			1.31			0.0187


			8/11/15 2:24			21.68			71			8.61			158			11.57			38			0			94.1			7.74			1.35			0.0188


			8/11/15 2:24			21.71			71.1			8.61			158			11.45			37.6			0			94.2			7.74			1.37			0.0193


			8/11/15 2:24			21.73			71.1			8.61			158			11.31			37.1			0			94.2			7.74			1.41			0.02


			8/11/15 2:24			21.75			71.2			8.62			158			11.13			36.5			0			94.2			7.73			1.47			0.0203


			8/11/15 2:24			21.76			71.2			8.62			158			10.98			36			0			94.3			7.74			1.49			0.021


			8/11/15 2:24			21.78			71.2			8.62			158			10.66			35.4			0			94.4			7.75			1.56			0.0216


			8/11/15 2:24			21.8			71.2			8.63			157			10.49			34.4			0			94.4			7.74			1.68			0.0227


			8/11/15 2:24			21.82			71.3			8.63			157			10.35			34			0			94.6			7.76			1.71			0.023


			8/11/15 2:24			21.84			71.3			8.63			157			10.15			33.3			0			94.6			7.76			1.74			0.0234


			8/11/15 2:24			21.86			71.3			8.64			158			10.01			32.8			0			94.8			7.77			1.77			0.0238


			8/11/15 2:24			21.88			71.4			8.64			158			9.82			32.2			0			94.9			7.78			1.81			0.0241


			8/11/15 2:24			21.9			71.4			8.64			157			9.63			31.6			0			95.1			7.79			1.84			0.0243


			8/11/15 2:25			21.91			71.4			8.64			158			9.45			31			0			95.2			7.8			1.85			0.0245


			8/11/15 2:25			21.91			71.4			8.64			158			9.29			30.5			0			95.3			7.8			1.88			0.0246


			8/11/15 2:25			21.92			71.5			8.65			158			9.12			29.9			0			95.4			7.81			1.88			0.0248


			8/11/15 2:25			21.98			71.6			8.65			157			8.78			29.5			0			95.6			7.82			1.9			0.0249


			8/11/15 2:25			22.02			71.6			8.66			158			8.61			28.3			0			95.7			7.82			1.91			0.0251


			8/11/15 2:25			22.04			71.7			8.66			157			8.45			27.7			0			95.8			7.82			1.92			0.0252


			8/11/15 2:25			22.07			71.7			8.67			157			8.29			27.2			0			95.9			7.83			1.93			0.0251


			8/11/15 2:25			22.09			71.8			8.67			158			8.14			26.7			0			95.9			7.83			1.93			0.0253


			8/11/15 2:25			22.1			71.8			8.67			157			8.02			26.3			0			96			7.83			1.95			0.0255


			8/11/15 2:25			22.12			71.8			8.68			157			7.82			25.6			0			96.1			7.83			1.96			0.0255


			8/11/15 2:25			22.12			71.8			8.68			157			7.66			25.1			0			96.2			7.84			1.96			0.0255


			8/11/15 2:25			22.13			71.8			8.69			157			7.54			24.7			0			96.2			7.85			1.97			0.0255


			8/11/15 2:25			22.14			71.9			8.69			157			7.37			24.2			0			96.4			7.86			1.96			0.0255


			8/11/15 2:25			22.16			71.9			8.7			157			7.08			23.6			0			96.6			7.87			1.96			0.0256


			8/11/15 2:25			22.16			71.9			8.71			157			6.94			22.8			0			96.9			7.89			1.98			0.0255


			8/11/15 2:25			22.17			71.9			8.7			157			6.81			22.3			0			97.1			7.91			1.96			0.0257


			8/11/15 2:25			22.17			71.9			8.71			157			6.57			21.6			0			97.3			7.93			1.98			0.0255


			8/11/15 2:25			22.18			71.9			8.71			158			6.41			21			0			97.5			7.94			1.96			0.0252


			8/11/15 2:25			22.18			71.9			8.72			157			6.27			20.6			0			97.8			7.96			1.94			0.0252


			8/11/15 2:25			22.19			71.9			8.72			157			6.16			20.2			0			98			7.98			1.93			0.025


			8/11/15 2:25			22.19			71.9			8.72			157			5.99			19.7			0			98.3			8			1.92			0.0246


			8/11/15 2:25			22.19			71.9			8.72			157			5.78			19			0			98.4			8.01			1.88			0.0242


			8/11/15 2:25			22.19			71.9			8.72			157			5.62			18.4			0			98.6			8.03			1.85			0.0236


			8/11/15 2:25			22.21			72			8.72			157			5.37			17.6			0			98.7			8.04			1.8			0.023


			8/11/15 2:25			22.21			72			8.73			157			5.29			17.3			0			98.8			8.04			1.7			0.0184


			8/11/15 2:25			22.22			72			8.73			157			5.11			16.8			0			98.9			8.05			1.33			0.0187


			8/11/15 2:25			22.24			72			8.73			157			4.88			16			0			98.9			8.05			1.36			0.0176


			8/11/15 2:25			22.26			72.1			8.72			157			4.73			15.5			0			98.9			8.05			1.26			0.0173


			8/11/15 2:25			22.27			72.1			8.71			157			4.63			15.2			0			99			8.05			1.23			0.0176


			8/11/15 2:25			22.28			72.1			8.71			158			4.47			14.7			0			98.9			8.04			1.26			0.0173


			8/11/15 2:26			22.29			72.1			8.71			158			4.31			14.1			0			99			8.05			1.23			0.017


			8/11/15 2:26			22.3			72.1			8.71			157			4.14			13.6			0			99			8.05			1.2			0.0168


			8/11/15 2:26			22.31			72.2			8.71			158			3.94			12.9			0			99			8.04			1.19			0.0167


			8/11/15 2:26			22.33			72.2			8.71			158			3.58			11.8			0			98.9			8.03			1.18			0.0165


			8/11/15 2:26			22.34			72.2			8.71			158			3.38			11.1			0			98.8			8.02			1.14			0.0159


			8/11/15 2:26			22.34			72.2			8.71			157			3.27			10.7			0			98.7			8.01			1.11			0.0156


			8/11/15 2:26			22.35			72.2			8.71			158			3.15			10.3			0			98.6			8.01			1.08			0.0153


			8/11/15 2:26			22.35			72.2			8.71			158			3.01			9.9			0			98.5			8			1.06			0.0153


			8/11/15 2:26			22.36			72.3			8.71			158			2.83			9.3			0			98.5			8			1.05			0.0152


			8/11/15 2:26			22.37			72.3			8.71			158			2.63			8.6			0			98.5			7.99			1.05			0.0152


			8/11/15 2:26			22.39			72.3			8.71			158			2.48			8.1			0			98.4			7.98			1.04			0.0151


			8/11/15 2:26			22.41			72.3			8.71			158			2.41			7.9			0			98.4			7.98			1.03			0.0149


			8/11/15 2:26			22.44			72.4			8.71			158			2.27			7.5			0			98.3			7.96			1.02			0.0148


			8/11/15 2:26			22.54			72.6			8.71			158			1.94			6.4			0			98.2			7.94			1.01			0.0147


			8/11/15 2:26			22.58			72.6			8.72			157			1.79			5.9			0			98.3			7.94			0.99			0.0145


			8/11/15 2:26			22.62			72.7			8.73			158			1.61			5.3			0			98.3			7.94			0.98			0.0143


			8/11/15 2:26			22.68			72.8			8.73			158			1.46			4.8			0			98.3			7.93			0.97			0.0142


			8/11/15 2:26			22.73			72.9			8.73			159			1.29			4.2			0			98.3			7.92			0.95			0.0139


			8/11/15 2:26			22.77			73			8.74			158			1.12			3.7			0			98.3			7.92			0.93			0.0138


			8/11/15 2:26			22.84			73.1			8.73			158			0.94			3.1			0			98.4			7.91			0.92			0.0136


			8/11/15 2:26			22.97			73.4			8.73			158			0.8			2.6			0			98.4			7.89			0.9			0.0134


			8/11/15 2:26			23.07			73.5			8.73			158			0.67			2.2			0			98.6			7.89			0.88			0.0131


			8/11/15 2:26			23.16			73.7			8.74			158			0.51			1.7			0			98.7			7.89			0.86			0.0129


			8/11/15 2:26			23.38			74.1			8.73			159			0.21			0.7			0			98.9			7.87			0.84			0.0127


			8/11/15 2:26			23.56			74.4			8.74			159			0.1			0.3			0			98.9			7.85			0.79			0.0121


			8/11/15 2:26			23.77			74.8			8.73			159			0.01			0			0			98.9			7.81			0.77			0.0118
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Sheet1


			Date / Time			Temp [°C]			Temp [°F]			pH [Units]			SpCond [µS/cm]			Dep100 [meters]			Dep100 [feet]			Turbidity [NTU]			LDO% [Sat]			LDO [mg/l]			Chlorophyll [µg/l]			Chlorophyll [Volts]


			7/15/15 2:06			22.11			71.8			8.49			154			15.49			50.8			66.7			96.4			7.84			8.59			0.1468


			7/15/15 2:06			22.11			71.8			8.49			154			15.49			50.8			212.2			96.4			7.84			12.75			0.1014


			7/15/15 2:06			22.11			71.8			8.49			155			15.49			50.8			43			96.4			7.84			8.71			0.1326


			7/15/15 2:06			22.11			71.8			8.49			154			15.5			50.9			10.1			96.4			7.84			11.49			0.0571


			7/15/15 2:06			22.11			71.8			8.49			155			15.44			50.7			12.5			96.4			7.84			4.77			0.0292


			7/15/15 2:06			22.11			71.8			8.5			154			15.39			50.5			16.7			96.3			7.83			2.29			0.0139


			7/15/15 2:06			22.11			71.8			8.5			155			15.28			50.1			29.1			96.3			7.84			0.93			0.0219


			7/15/15 2:06			22.12			71.8			8.5			155			14.85			48.7			8.9			96.3			7.83			2000000			0.005


			7/15/15 2:06			22.13			71.8			8.5			154			14.61			47.9			7.2			96.2			7.82			2000000			0.0196


			7/15/15 2:06			22.15			71.9			8.51			155			14.42			47.3			91.5			96.3			7.83			1.43			0.0206


			7/15/15 2:06			22.18			71.9			8.51			155			14.18			46.5			6.5			96.3			7.82			1.52			0.0174


			7/15/15 2:06			22.22			72			8.52			155			13.96			45.8			3.4			96.4			7.82			1.24			0.019


			7/15/15 2:06			22.26			72.1			8.53			154			13.76			45.1			3.1			96.4			7.82			1.38			0.0187


			7/15/15 2:06			22.28			72.1			8.54			154			13.43			44			187.2			96.5			7.82			1.36			0.0134


			7/15/15 2:06			22.3			72.1			8.54			154			13.18			43.2			12.7			96.6			7.83			0.88			0.0158


			7/15/15 2:06			22.31			72.2			8.55			155			12.91			42.3			2.3			96.6			7.83			1.1			0.0154


			7/15/15 2:06			22.33			72.2			8.55			154			12.66			41.5			4.1			96.7			7.83			1.06			0.0166


			7/15/15 2:06			22.35			72.2			8.55			154			12.18			40			5.4			97			7.85			1.17			0.0148


			7/15/15 2:06			22.36			72.2			8.56			155			11.92			39.1			4			97			7.85			1.02			0.0152


			7/15/15 2:06			22.37			72.3			8.56			155			11.67			38.3			3.5			97			7.85			1.04			0.0155


			7/15/15 2:06			22.38			72.3			8.57			154			11.45			37.6			2.9			97.1			7.86			1.07			0.0158


			7/15/15 2:07			22.4			72.3			8.57			154			11.25			36.9			107.8			97.2			7.86			1.1			0.0158


			7/15/15 2:07			22.41			72.3			8.57			154			11.05			36.3			7			97.3			7.87			1.1			0.0161


			7/15/15 2:07			22.42			72.4			8.57			154			10.82			35.5			3.9			97.5			7.88			1.13			0.0162


			7/15/15 2:07			22.42			72.4			8.57			154			10.62			34.8			3.1			97.6			7.89			1.14			0.0163


			7/15/15 2:07			22.43			72.4			8.58			154			10.4			34.1			148.2			97.8			7.91			1.15			0.016


			7/15/15 2:07			22.44			72.4			8.58			154			10.23			33.6			15.1			97.9			7.92			1.11			0.0163


			7/15/15 2:07			22.47			72.4			8.58			155			9.84			32.3			2.3			98.1			7.92			1.15			0.0164


			7/15/15 2:07			22.47			72.5			8.58			155			9.61			31.5			3.3			98.2			7.93			1.15			0.016


			7/15/15 2:07			22.49			72.5			8.58			155			9.5			31.2			42.9			98.1			7.92			1.11			0.0157


			7/15/15 2:07			22.5			72.5			8.59			154			9.24			30.3			4.2			98.1			7.92			1.09			0.0156


			7/15/15 2:07			22.51			72.5			8.59			155			9.09			29.8			3.3			98.1			7.92			1.08			0.0154


			7/15/15 2:07			22.51			72.5			8.59			154			8.83			29			3			98			7.91			1.06			0.0153


			7/15/15 2:07			22.52			72.5			8.59			154			8.65			28.4			121.6			98.1			7.92			1.05			0.0149


			7/15/15 2:07			22.52			72.5			8.59			154			8.47			27.8			7.1			98.2			7.92			1.02			0.0152


			7/15/15 2:07			22.53			72.5			8.59			155			8.21			26.9			5			98.2			7.92			1.04			0.0151


			7/15/15 2:07			22.53			72.6			8.59			154			8.03			26.3			2.7			98.2			7.92			1.03			0.0149


			7/15/15 2:07			22.54			72.6			8.59			155			7.53			24.7			121			98.3			7.93			1.02			0.0108


			7/15/15 2:07			22.55			72.6			8.59			154			7.37			24.2			2.9			98.3			7.93			1.12			0.0152


			7/15/15 2:07			22.55			72.6			8.59			154			7.17			23.5			3.1			98.4			7.94			1.04			0.0147


			7/15/15 2:07			22.56			72.6			8.6			154			6.9			22.6			3.3			98.5			7.94			1			0.0138


			7/15/15 2:07			22.56			72.6			8.6			154			6.67			21.9			46.7			98.5			7.94			0.92			0.0148


			7/15/15 2:07			22.56			72.6			8.6			155			6.48			21.3			4.1			98.5			7.94			1.01			0.0146


			7/15/15 2:07			22.57			72.6			8.6			154			6.23			20.5			3.5			98.5			7.94			0.99			0.0147


			7/15/15 2:07			22.58			72.6			8.6			154			5.97			19.6			2.7			98.5			7.94			1			0.0147


			7/15/15 2:07			22.59			72.7			8.6			155			5.76			18.9			137.2			98.6			7.94			1			0.0144


			7/15/15 2:07			22.6			72.7			8.6			155			5.57			18.3			7.7			98.6			7.94			0.98			0.0144


			7/15/15 2:07			22.61			72.7			8.6			155			5.05			16.6			3.4			98.6			7.95			0.96			0.0141


			7/15/15 2:07			22.63			72.7			8.61			154			4.8			15.7			22.1			98.6			7.94			0.94			0.0095


			7/15/15 2:07			22.64			72.8			8.61			154			4.59			15.1			19.8			98.6			7.94			0.54			0.0134


			7/15/15 2:07			22.65			72.8			8.61			154			4.4			14.4			3.1			98.7			7.94			0.88			0.0128


			7/15/15 2:08			22.66			72.8			8.61			154			4.19			13.7			3			98.7			7.94			0.83			0.0125


			7/15/15 2:08			22.67			72.8			8.62			154			3.93			12.9			3.1			98.8			7.95			0.8			0.0121


			7/15/15 2:08			22.67			72.8			8.62			154			3.67			12.1			49.6			98.8			7.94			0.77			0.0121


			7/15/15 2:08			22.68			72.8			8.62			154			3.43			11.2			4.3			98.8			7.95			0.77			0.0121


			7/15/15 2:08			22.69			72.8			8.62			154			3.18			10.4			3.3			98.9			7.95			0.77			0.0121


			7/15/15 2:08			22.7			72.9			8.62			154			2.94			9.7			2.6			99			7.96			0.77			0.012


			7/15/15 2:08			22.71			72.9			8.62			154			2.75			9			122.4			98.9			7.95			0.76			0.0119


			7/15/15 2:08			22.72			72.9			8.62			154			2.55			8.4			6.8			99			7.96			0.75			0.0121


			7/15/15 2:08			22.74			72.9			8.62			154			2.36			7.8			5			99.1			7.96			0.77			0.0119


			7/15/15 2:08			22.75			72.9			8.62			154			1.97			6.5			54.2			99			7.95			0.73			0.0112


			7/15/15 2:08			22.77			73			8.63			154			1.76			5.8			16.5			99.2			7.96			0.69			0.011


			7/15/15 2:08			22.8			73			8.62			154			1.53			5			2.5			99.2			7.96			0.67			0.0108


			7/15/15 2:08			22.83			73.1			8.63			154			1.32			4.3			2.9			99.2			7.96			0.65			0.0106


			7/15/15 2:08			22.85			73.1			8.63			154			1.1			3.6			3.1			99.2			7.96			0.64			0.0104


			7/15/15 2:08			22.87			73.2			8.63			154			0.9			3			35.3			99.3			7.96			0.62			0.0102


			7/15/15 2:08			22.91			73.2			8.63			154			0.68			2.2			3.7			99.4			7.96			0.6			0.0101


			7/15/15 2:08			23			73.4			8.64			154			0.47			1.5			3.1			99.4			7.95			0.59			0.0098


			7/15/15 2:08			23.07			73.5			8.64			154			0.26			0.8			2.4			99.4			7.93			0.56			0.0096


			7/15/15 2:08			23.28			73.9			8.65			1			0.05			0.2			76.8			99.5			7.93			0.55			0.0093


			7/15/15 2:08			23.06			73.5			8.49			1			-0.01			0			201.7			99.7			7.96			0.52			0.009


			7/15/15 2:08			22.63			72.7			7.62			0			-0.01			0			100.4			100			8.06			0.49			0.0085
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Sheet1


			Date			Date / Time			Temp [°C]			Temp [°F]			pH [Units]			SpCond [µS/cm]			Dep100 [meters]			Dep100 [feet]			Turbidity [NTU]			LDO% [Sat]			LDO [mg/l]			Chlorophyll [µg/l]			Chlorophyll [Volts]


			6/15/15			1/1/99 0:22			19.24			66.6			8.52			148			15.18			49.8			9			100			8.62			2.87			0.025


			6/15/15			1/1/99 0:22			19.24			66.6			8.52			148			15.16			49.7			4.9			99.9			8.61			1.92			0.0227


			6/15/15			1/1/99 0:22			19.24			66.6			8.52			148			15.11			49.6			2.8			100			8.62			1.71			0.0224


			6/15/15			1/1/99 0:22			19.24			66.6			8.52			148			15.1			49.5			1.5			100.1			8.63			1.68			0.0223


			6/15/15			1/1/99 0:22			19.24			66.6			8.53			148			15.02			49.3			0.3			100			8.62			1.73			0.0228


			6/15/15			1/1/99 0:22			19.24			66.6			8.52			148			14.9			48.9			0.1			100.1			8.63			1.72			0.0226


			6/15/15			1/1/99 0:22			19.24			66.6			8.53			148			14.81			48.6			0.1			100.1			8.63			1.71			0.0225


			6/15/15			1/1/99 0:22			19.24			66.6			8.52			148			14.72			48.3			0.1			100			8.62			1.69			0.0223


			6/15/15			1/1/99 0:23			19.24			66.6			8.53			148			14.65			48.1			0.1			100			8.62			1.68			0.0222


			6/15/15			1/1/99 0:23			19.23			66.6			8.52			147			14.46			47.4			0.1			100			8.62			1.67			0.0218


			6/15/15			1/1/99 0:23			19.24			66.6			8.52			148			14.3			46.9			0.1			100.1			8.63			1.64			0.0217


			6/15/15			1/1/99 0:23			19.24			66.6			8.52			148			14.13			46.3			0.1			100.1			8.63			1.62			0.0215


			6/15/15			1/1/99 0:23			19.24			66.6			8.53			148			13.93			45.7			0.1			100.1			8.63			1.6			0.0214


			6/15/15			1/1/99 0:23			19.24			66.6			8.52			148			13.74			45.1			0.1			100.1			8.63			1.6			0.0212


			6/15/15			1/1/99 0:23			19.25			66.6			8.52			148			13.37			43.9			0.1			99.9			8.61			1.56			0.021


			6/15/15			1/1/99 0:23			19.25			66.7			8.52			148			13.23			43.4			0.1			99.9			8.61			1.56			0.0208


			6/15/15			1/1/99 0:23			19.25			66.7			8.52			148			13.12			43			0.1			100			8.62			1.55			0.0208


			6/15/15			1/1/99 0:23			19.25			66.7			8.52			148			12.89			42.3			0.1			100.1			8.62			1.54			0.0207


			6/15/15			1/1/99 0:23			19.26			66.7			8.52			147			12.59			41.3			0.1			100.1			8.62			1.53			0.0206


			6/15/15			1/1/99 0:23			19.27			66.7			8.52			148			12.35			40.5			0.1			100.1			8.62			1.53			0.0206


			6/15/15			1/1/99 0:23			19.27			66.7			8.52			147			12.22			40.1			0.1			100			8.61			1.52			0.0206


			6/15/15			1/1/99 0:23			19.28			66.7			8.52			148			12.04			39.5			0.1			99.9			8.6			1.53			0.0206


			6/15/15			1/1/99 0:23			19.28			66.7			8.52			148			11.75			38.6			0.1			99.9			8.6			1.52			0.0206


			6/15/15			1/1/99 0:23			19.29			66.7			8.52			147			11.51			37.8			0.1			99.9			8.6			1.53			0.0207


			6/15/15			1/1/99 0:23			19.29			66.7			8.52			148			10.98			36			0.1			99.8			8.6			1.53			0.0206


			6/15/15			1/1/99 0:23			19.29			66.7			8.51			148			10.73			35.2			0.1			99.8			8.59			1.53			0.0206


			6/15/15			1/1/99 0:23			19.29			66.7			8.52			148			10.48			34.4			0.1			99.7			8.58			1.53			0.0207


			6/15/15			1/1/99 0:23			19.29			66.7			8.52			148			10.25			33.6			0.1			99.7			8.59			1.53			0.0207


			6/15/15			1/1/99 0:23			19.31			66.8			8.52			148			9.98			32.7			0.1			99.7			8.58			1.54			0.0207


			6/15/15			1/1/99 0:23			19.32			66.8			8.52			147			9.7			31.8			0.1			99.7			8.58			1.53			0.0206


			6/15/15			1/1/99 0:23			19.33			66.8			8.51			148			9.45			31			0.1			99.9			8.59			1.52			0.0204


			6/15/15			1/1/99 0:23			19.34			66.8			8.51			148			9.18			30.1			0.1			99.9			8.59			1.51			0.0203


			6/15/15			1/1/99 0:23			19.33			66.8			8.51			148			8.99			29.5			0.1			99.9			8.59			1.5			0.0202


			6/15/15			1/1/99 0:23			19.32			66.8			8.51			148			8.74			28.7			0.1			99.8			8.59			1.49			0.0202


			6/15/15			1/1/99 0:23			19.31			66.8			8.51			148			8.28			27.2			0.1			100			8.61			1.49			0.0201


			6/15/15			1/1/99 0:23			19.31			66.8			8.51			148			8.04			26.4			0.1			100.1			8.62			1.48			0.02


			6/15/15			1/1/99 0:23			19.32			66.8			8.51			148			7.81			25.6			0.1			100.1			8.62			1.47			0.0199


			6/15/15			1/1/99 0:23			19.32			66.8			8.51			148			7.55			24.8			0.1			100.1			8.62			1.47			0.0199


			6/15/15			1/1/99 0:24			19.32			66.8			8.51			147			7.3			24			0.1			100.1			8.61			1.47			0.0199


			6/15/15			1/1/99 0:24			19.31			66.8			8.51			148			7.08			23.2			0.1			100			8.61			1.46			0.0199


			6/15/15			1/1/99 0:24			19.31			66.8			8.51			148			6.85			22.5			0.1			100.1			8.61			1.47			0.0199


			6/15/15			1/1/99 0:24			19.31			66.8			8.51			147			6.6			21.7			0.1			100.1			8.62			1.47			0.0199


			6/15/15			1/1/99 0:24			19.33			66.8			8.51			148			6.33			20.8			0.1			100.2			8.62			1.46			0.0197


			6/15/15			1/1/99 0:24			19.36			66.8			8.51			148			6.11			20			0.1			100.2			8.62			1.44			0.0195


			6/15/15			1/1/99 0:24			19.37			66.9			8.51			148			5.57			18.3			0.1			100			8.6			1.42			0.0193


			6/15/15			1/1/99 0:24			19.39			66.9			8.5			148			5.3			17.4			0.1			99.9			8.58			1.41			0.0191


			6/15/15			1/1/99 0:24			19.4			66.9			8.5			148			5.05			16.6			0.1			99.8			8.57			1.4			0.0189


			6/15/15			1/1/99 0:24			19.41			66.9			8.5			148			4.82			15.8			0.1			99.7			8.57			1.38			0.0187


			6/15/15			1/1/99 0:24			19.41			66.9			8.5			148			4.6			15.1			0.1			99.8			8.57			1.36			0.0185


			6/15/15			1/1/99 0:24			19.4			66.9			8.5			148			4.37			14.3			0.1			99.7			8.57			1.34			0.0183


			6/15/15			1/1/99 0:24			19.38			66.9			8.5			148			4.18			13.7			0.1			99.7			8.57			1.32			0.018


			6/15/15			1/1/99 0:24			19.37			66.9			8.5			148			3.92			12.8			0.1			99.7			8.57			1.3			0.0178


			6/15/15			1/1/99 0:24			19.38			66.9			8.5			148			3.7			12.1			0.1			99.8			8.58			1.28			0.0178


			6/15/15			1/1/99 0:24			19.4			66.9			8.49			147			3.47			11.4			0.1			99.7			8.57			1.28			0.0177


			6/15/15			1/1/99 0:24			19.4			66.9			8.5			148			2.91			9.6			0.1			99.7			8.57			1.26			0.0174


			6/15/15			1/1/99 0:24			19.4			66.9			8.5			148			2.64			8.7			0.1			99.7			8.57			1.24			0.0172


			6/15/15			1/1/99 0:24			19.4			66.9			8.5			148			2.43			8			0.1			99.8			8.58			1.23			0.0171


			6/15/15			1/1/99 0:24			19.39			66.9			8.5			148			2.24			7.3			0.1			99.7			8.57			1.22			0.0169


			6/15/15			1/1/99 0:24			19.39			66.9			8.5			146			2.03			6.6			0.1			99.6			8.56			1.19			0.0167


			6/15/15			1/1/99 0:24			19.4			66.9			8.5			148			1.78			5.8			0.1			99.7			8.57			1.18			0.0164


			6/15/15			1/1/99 0:24			19.47			67.1			8.51			148			1.53			5			0.1			99.6			8.54			1.15			0.0123


			6/15/15			1/1/99 0:24			19.59			67.3			8.51			148			1.26			4.1			0.1			99.4			8.51			0.79			0.0118


			6/15/15			1/1/99 0:24			19.63			67.3			8.52			148			0.98			3.2			0.1			99.4			8.5			0.74			0.0113


			6/15/15			1/1/99 0:24			19.64			67.4			8.52			148			0.75			2.5			0.1			99.5			8.51			0.7			0.0115


			6/15/15			1/1/99 0:24			19.65			67.4			8.52			148			0.36			1.2			0.1			99.5			8.51			0.73			0.0116
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			Date / Time			Temp [°C]			Temp [°F]			pH [Units]			SpCond [µS/cm]			Dep100 [meters]			Dep100 [feet]			Turbidity [NTU]			LDO% [Sat]			LDO [mg/l]			Chlorophyll [µg/l]			Chlorophyll [Volts]


			9/8/15 3:10			16.46			61.6			8.63			159			15.05			49.4			4.4			98.8			9.06			2000000			0.0316


			9/8/15 3:10			16.46			61.6			8.63			159			15.04			49.3			4.3			98.8			9.06			2000000			0.0215


			9/8/15 3:10			16.46			61.6			8.63			159			15.06			49.4			166.8			98.6			9.04			1.61			0.0173


			9/8/15 3:10			16.46			61.6			8.63			159			15.06			49.4			0			98.6			9.04			1.41			0.0218


			9/8/15 3:10			16.46			61.6			8.63			159			14.85			48.7			3.5			98.6			9.04			1.63			0.0216


			9/8/15 3:10			16.46			61.6			8.63			159			14.68			48.2			3.7			98.6			9.04			1.61			0.0213


			9/8/15 3:10			16.46			61.6			8.63			160			14.49			47.5			46.5			98.4			9.02			1.58			0.0209


			9/8/15 3:10			16.46			61.6			8.64			159			14.32			47			5			98.4			9.02			1.55			0.0208


			9/8/15 3:10			16.46			61.6			8.64			160			14.16			46.4			3			98.5			9.03			1.54			0.0206


			9/8/15 3:10			16.46			61.6			8.63			159			14.01			46			3.1			98.5			9.03			2000000			0.0049


			9/8/15 3:10			16.46			61.6			8.64			159			13.85			45.4			190.1			98.5			9.03			2000000			0.0156


			9/8/15 3:10			16.46			61.6			8.64			159			13.69			44.9			12.6			98.5			9.03			2000000			0.0194


			9/8/15 3:10			16.46			61.6			8.64			159			13.34			44.3			0			98.7			9.05			1.42			0.0184


			9/8/15 3:10			16.47			61.6			8.64			159			13.16			43.2			3.9			98.7			9.05			1.44			0.0185


			9/8/15 3:10			16.47			61.6			8.65			159			13.01			42.7			54.3			98.7			9.05			1.34			0.0185


			9/8/15 3:10			16.46			61.6			8.64			159			12.85			42.2			5.3			98.9			9.06			1.34			0.0184


			9/8/15 3:10			16.47			61.6			8.64			159			12.7			41.7			3.5			98.9			9.07			1.33			0.0187


			9/8/15 3:10			16.47			61.6			8.65			159			12.53			41.1			3.3			98.9			9.07			1.35			0.019


			9/8/15 3:10			16.47			61.7			8.65			159			12.38			40.6			193.6			98.8			9.06			1.38			0.0186


			9/8/15 3:10			16.47			61.7			8.65			159			12.22			40.1			14.5			98.8			9.06			1.35			0.0189


			9/8/15 3:10			16.48			61.7			8.65			159			12.05			39.5			0			98.8			9.06			1.38			0.0191


			9/8/15 3:11			16.48			61.7			8.66			159			11.89			39			4.1			98.8			9.05			1.39			0.0192


			9/8/15 3:11			16.49			61.7			8.66			159			11.54			38.5			3.4			98.7			9.05			1.4			0.0192


			9/8/15 3:11			16.49			61.7			8.66			159			11.4			37.4			6.4			98.9			9.06			1.38			0.0189


			9/8/15 3:11			16.49			61.7			8.66			159			11.25			36.9			3.7			98.9			9.06			1.38			0.0191


			9/8/15 3:11			16.49			61.7			8.67			159			11.07			36.3			3.2			98.8			9.05			1.39			0.0188


			9/8/15 3:11			16.5			61.7			8.67			159			10.92			35.8			178.8			98.9			9.06			1.36			0.0181


			9/8/15 3:11			16.5			61.7			8.67			159			10.73			35.2			16.5			99			9.07			1.31			0.0185


			9/8/15 3:11			16.5			61.7			8.68			159			10.6			34.8			0			99.1			9.08			1.34			0.0185


			9/8/15 3:11			16.5			61.7			8.67			159			10.45			34.3			6.3			99.1			9.08			1.34			0.0182


			9/8/15 3:11			16.5			61.7			8.67			159			10.28			33.7			3.5			99.2			9.09			1.31			0.0181


			9/8/15 3:11			16.5			61.7			8.67			159			10.11			33.2			57.8			99.4			9.1			1.3			0.0182


			9/8/15 3:11			16.5			61.7			8.67			159			9.93			32.6			5.5			99.5			9.11			1.31			0.0183


			9/8/15 3:11			16.5			61.7			8.67			159			9.77			32			3.9			99.5			9.11			1.32			0.0184


			9/8/15 3:11			16.51			61.7			8.67			159			9.61			31.5			3			99.5			9.11			1.33			0.0182


			9/8/15 3:11			16.51			61.7			8.67			159			9.26			30.4			194.2			99.6			9.12			1.32			0.0142


			9/8/15 3:11			16.51			61.7			8.67			159			9.1			29.9			2.8			99.7			9.13			1.16			0.0171


			9/8/15 3:11			16.51			61.7			8.67			159			8.94			29.3			3.8			99.8			9.14			1.22			0.0187


			9/8/15 3:11			16.51			61.7			8.67			159			8.79			28.8			3.2			99.8			9.14			1.36			0.0172


			9/8/15 3:11			16.51			61.7			8.66			157			8.62			28.3			57.8			99.8			9.14			1.22			0.0175


			9/8/15 3:11			16.51			61.7			8.66			160			8.45			27.7			5.3			99.7			9.13			1.25			0.0176


			9/8/15 3:11			16.51			61.7			8.66			159			8.28			27.2			3.4			99.6			9.13			1.26			0.0177


			9/8/15 3:11			16.52			61.7			8.66			158			8.15			26.7			3.1			99.6			9.12			1.26			0.0177


			9/8/15 3:11			16.52			61.7			8.66			159			7.98			26.2			182			99.6			9.12			1.27			0.0174


			9/8/15 3:11			16.52			61.7			8.66			158			7.8			25.6			11.8			99.5			9.11			1.24			0.0177


			9/8/15 3:11			16.52			61.7			8.66			159			7.48			24.5			0			99.3			9.09			1.26			0.0179


			9/8/15 3:11			16.52			61.7			8.64			159			7.3			23.9			3.5			99.3			9.09			1.28			0.0178


			9/8/15 3:11			16.52			61.7			8.66			159			7.13			23.4			43.7			99.3			9.09			1.28			0.0176


			9/8/15 3:11			16.52			61.7			8.65			159			6.96			22.8			4.5			99.3			9.09			1.26			0.0173


			9/8/15 3:11			16.52			61.7			8.64			160			6.8			22.3			3.3			99.1			9.08			1.23			0.0171


			9/8/15 3:11			16.52			61.7			8.64			159			6.64			21.8			2.9			99.1			9.07			1.22			0.0172


			9/8/15 3:12			16.52			61.7			8.63			159			6.47			21.2			162			99.1			9.07			1.23			0.017


			9/8/15 3:12			16.52			61.7			8.64			160			6.31			20.7			10			99.1			9.07			1.2			0.0172


			9/8/15 3:12			16.52			61.7			8.63			159			6.14			20.2			0			99.1			9.08			1.22			0.0173


			9/8/15 3:12			16.53			61.7			8.65			159			5.98			19.6			3.4			99			9.06			1.23			0.0171


			9/8/15 3:12			16.53			61.8			8.64			159			5.65			18.5			7.5			98.9			9.06			1.22			0.017


			9/8/15 3:12			16.53			61.8			8.64			159			5.48			18			4.6			99			9.06			1.19			0.017


			9/8/15 3:12			16.53			61.8			8.64			159			5.32			17.4			3.4			98.9			9.05			1.2			0.0172


			9/8/15 3:12			16.53			61.8			8.63			159			5.13			16.8			2.6			98.9			9.06			1.22			0.0175


			9/8/15 3:12			16.53			61.8			8.63			160			4.97			16.3			127.9			98.8			9.05			1.25			0.0172


			9/8/15 3:12			16.54			61.8			8.63			159			4.83			15.9			7.9			98.8			9.04			1.23			0.0176


			9/8/15 3:12			16.54			61.8			8.63			159			4.65			15.2			6.7			98.7			9.04			1.26			0.0177


			9/8/15 3:12			16.55			61.8			8.64			159			4.5			14.8			3.5			98.7			9.03			1.27			0.0177


			9/8/15 3:12			16.55			61.8			8.63			159			4.34			14.2			15.4			98.7			9.04			1.27			0.0137


			9/8/15 3:12			16.55			61.8			8.64			159			4.18			13.7			21.8			98.7			9.03			0.91			0.0176


			9/8/15 3:12			16.55			61.8			8.63			159			3.84			12.6			4.1			98.8			9.04			1.26			0.0176


			9/8/15 3:12			16.56			61.8			8.64			159			3.67			12			2.9			98.9			9.05			1.28			0.017


			9/8/15 3:12			16.56			61.8			8.64			159			3.51			11.5			96.8			98.9			9.05			1.21			0.017


			9/8/15 3:12			16.56			61.8			8.64			159			3.34			11			6.9			98.9			9.05			1.21			0.0172


			9/8/15 3:12			16.57			61.8			8.64			159			3.16			10.4			3.3			98.9			9.05			1.22			0.0171


			9/8/15 3:12			16.57			61.8			8.63			159			2.99			9.8			2.9			98.9			9.05			1.22			0.0172


			9/8/15 3:12			16.57			61.8			8.63			159			2.83			9.3			83			98.9			9.05			1.23			0.0168


			9/8/15 3:12			16.58			61.8			8.63			159			2.68			8.8			18.4			99			9.05			1.19			0.0172


			9/8/15 3:12			16.58			61.8			8.65			159			2.51			8.2			3.7			99			9.05			1.22			0.0171


			9/8/15 3:12			16.58			61.8			8.65			159			2.35			7.7			3.6			98.9			9.04			1.21			0.017


			9/8/15 3:12			16.59			61.9			8.65			159			1.99			6.5			3.1			99			9.05			1.2			0.017


			9/8/15 3:12			16.59			61.9			8.65			159			1.83			6			5.4			99			9.05			1.18			0.0165


			9/8/15 3:12			16.59			61.9			8.64			159			1.65			5.4			3.3			99.1			9.06			1.17			0.0163


			9/8/15 3:12			16.6			61.9			8.66			159			1.48			4.9			2.5			99.1			9.06			1.14			0.0161


			9/8/15 3:12			16.6			61.9			8.65			159			1.32			4.3			182.5			99.2			9.07			1.12			0.0156


			9/8/15 3:12			16.61			61.9			8.66			159			1.14			3.7			13.3			99.3			9.07			1.08			0.0156


			9/8/15 3:13			16.62			61.9			8.68			159			0.95			3.1			1.9			99.4			9.08			1.08			0.0151


			9/8/15 3:13			16.65			62			8.65			159			0.79			2.6			3.1			99.4			9.08			1.04			0.0147


			9/8/15 3:13			16.72			62.1			8.67			160			0.64			2.1			4.7			99.4			9.06			1			0.0143


			9/8/15 3:13			16.78			62.2			8.67			159			0.46			1.5			37			99.4			9.05			0.97			0.0135


			9/8/15 3:13			16.82			62.3			8.66			159			0.13			0.4			3.9			99.6			9.06			0.9			0.0131


			9/8/15 3:13			16.84			62.3			8.66			160			0.01			0			2.7			99.6			9.06			0.82			0.0122


			9/8/15 3:13			16.87			62.4			8.66			160			-0.07			-0.2			139.6			99.8			9.07			0.78			0.0118
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Sheet1


			Date / Time			Dep100 [meters]			Temp [°C]			Temp [°F]			pH [Units]			SpCond [µS/cm]			Dep100 [meters]			Dep100 [feet]			Turbidity [Volts]			LDO% [Sat]			LDO [mg/l]			Chlorophyll [µg/l]			Chlorophyll [Volts]


			8/11/15 1:33			11.76			17.67			63.8			7.97			160			11.76			38.6			0.2946			84			7.48			2.47			0.0322


			8/11/15 1:33			11.8			17.6			63.7			7.96			161			11.8			38.7			0.295			82.9			7.4			2.56			0.0323


			8/11/15 1:33			11.82			17.55			63.6			7.97			161			11.82			38.8			0.2951			82.1			7.33			2.56			0.0317


			8/11/15 1:33			11.79			17.71			63.9			7.97			160			11.79			38.7			0.2952			81.3			7.24			2.51			0.0313


			8/11/15 1:33			11.64			17.77			64			7.96			161			11.64			38.2			0.2953			80.7			7.18			2.48			0.0312


			8/11/15 1:33			11.45			17.83			64.1			7.97			160			11.45			37.6			0.2955			80.3			7.14			2.47			0.0312


			8/11/15 1:33			11.34			17.99			64.4			7.99			161			11.34			37.2			0.2957			78.9			6.99			2.47			0.0311


			8/11/15 1:33			11.22			18.23			64.8			8.04			161			11.22			36.8			0.2957			78			6.88			2.46			0.0306


			8/11/15 1:33			11.16			18.77			65.8			8.08			161			11.16			36.6			0.2957			77.5			6.79			2.42			0.0258


			8/11/15 1:33			10.87			18.93			66.1			8.14			160			10.87			35.7			0.2957			77.8			6.75			1.95			0.0251


			8/11/15 1:33			10.68			19.1			66.4			8.18			160			10.68			35.1			0.2957			78.3			6.78			1.93			0.0256


			8/11/15 1:33			10.6			19.35			66.8			8.28			160			10.6			34.8			0.2956			88.2			7.6			1.97			0.025


			8/11/15 1:33			10.48			19.77			67.6			8.37			160			10.48			34.4			0.2955			88.6			7.56			1.92			0.0245


			8/11/15 1:33			10.38			20.27			68.5			8.42			160			10.38			34			0.2955			88.8			7.51			1.87			0.024


			8/11/15 1:33			10.26			20.57			69			8.44			159			10.26			33.7			0.2954			89.4			7.51			1.83			0.0237


			8/11/15 1:33			10.14			20.72			69.3			8.46			159			10.14			33.3			0.2954			90			7.54			1.8			0.0233


			8/11/15 1:33			9.99			20.82			69.5			8.48			158			9.99			32.8			0.2953			90.6			7.57			1.77			0.023


			8/11/15 1:33			9.86			20.95			69.7			8.5			158			9.86			32.3			0.2953			91			7.59			1.74			0.0224


			8/11/15 1:33			9.75			21.15			70.1			8.52			158			9.75			32			0.2952			91.6			7.62			1.69			0.0218


			8/11/15 1:33			9.44			21.22			70.2			8.56			158			9.44			31			0.2951			92.4			7.67			1.58			0.0206


			8/11/15 1:33			9.33			21.33			70.4			8.57			158			9.33			30.6			0.295			93.5			7.74			1.52			0.0201


			8/11/15 1:33			9.18			21.44			70.6			8.59			158			9.18			30.1			0.295			94.5			7.81			1.48			0.0198


			8/11/15 1:33			9.04			21.52			70.7			8.6			157			9.04			29.7			0.295			95.4			7.87			1.45			0.0195


			8/11/15 1:33			8.9			21.58			70.8			8.6			158			8.9			29.2			0.2949			96.1			7.92			1.43			0.0192


			8/11/15 1:33			8.74			21.61			70.9			8.61			158			8.74			28.7			0.2949			96.8			7.97			1.4			0.0188


			8/11/15 1:33			8.56			21.63			70.9			8.61			158			8.56			28.1			0.2948			97.3			8.01			1.37			0.0185


			8/11/15 1:33			8.44			21.64			71			8.62			157			8.44			27.7			0.2948			98			8.07			1.34			0.0183


			8/11/15 1:34			8.32			21.65			71			8.62			157			8.32			27.3			0.2947			98.4			8.1			1.32			0.0181


			8/11/15 1:34			8.14			21.7			71.1			8.62			158			8.14			26.7			0.2947			98.8			8.13			1.31			0.018


			8/11/15 1:34			7.84			21.73			71.1			8.63			157			7.84			25.7			0.2947			99.4			8.17			1.27			0.0176


			8/11/15 1:34			7.74			21.76			71.2			8.63			157			7.74			25.4			0.2946			99.6			8.18			1.26			0.0173


			8/11/15 1:34			7.58			21.79			71.2			8.63			157			7.58			24.9			0.2946			99.7			8.18			1.24			0.017


			8/11/15 1:34			7.4			21.81			71.2			8.63			158			7.4			24.3			0.2945			99.8			8.18			1.21			0.0169


			8/11/15 1:34			7.27			21.82			71.3			8.63			157			7.27			23.9			0.2945			99.8			8.19			1.2			0.0167


			8/11/15 1:34			7.16			21.83			71.3			8.63			157			7.16			23.5			0.2945			100			8.2			1.18			0.0166


			8/11/15 1:34			7.03			21.83			71.3			8.63			157			7.03			23.1			0.2945			100			8.2			1.17			0.0164


			8/11/15 1:34			6.94			21.86			71.3			8.62			158			6.94			22.8			0.2944			99.9			8.19			1.15			0.0161


			8/11/15 1:34			6.79			21.88			71.4			8.63			157			6.79			22.3			0.2944			99.8			8.18			1.13			0.0158


			8/11/15 1:34			6.61			21.89			71.4			8.63			158			6.61			21.7			0.2944			99.8			8.18			1.1			0.0156


			8/11/15 1:34			6.3			21.92			71.5			8.63			158			6.3			20.7			0.2944			99.6			8.15			1.08			0.0154


			8/11/15 1:34			6.18			21.95			71.5			8.63			158			6.18			20.3			0.2943			99.5			8.14			1.04			0.015


			8/11/15 1:34			6.1			21.97			71.5			8.63			158			6.1			20			0.2943			99.4			8.13			1.03			0.0148


			8/11/15 1:34			5.98			21.97			71.5			8.63			157			5.98			19.6			0.2943			99.3			8.12			1.01			0.0146


			8/11/15 1:34			5.9			21.99			71.6			8.63			158			5.9			19.4			0.2943			99.3			8.11			0.99			0.0144


			8/11/15 1:34			5.84			22			71.6			8.63			157			5.84			19.2			0.2942			99.2			8.11			0.97			0.0141


			8/11/15 1:34			5.72			22.01			71.6			8.63			158			5.72			18.8			0.2942			99.3			8.11			0.95			0.0139


			8/11/15 1:34			5.6			22.04			71.7			8.63			158			5.6			18.4			0.2942			99.3			8.11			0.93			0.0136


			8/11/15 1:34			5.46			22.05			71.7			8.63			157			5.46			17.9			0.2942			99.2			8.1			0.9			0.0134


			8/11/15 1:34			5.32			22.07			71.7			8.64			157			5.32			17.5			0.2942			99.3			8.1			0.89			0.0133


			8/11/15 1:34			5.09			22.08			71.7			8.64			157			5.09			16.7			0.2942			99.2			8.1			0.88			0.0132


			8/11/15 1:34			4.95			22.08			71.7			8.64			157			4.95			16.2			0.2941			99.2			8.09			0.85			0.013


			8/11/15 1:34			4.74			22.09			71.8			8.64			158			4.74			15.6			0.2941			99.2			8.09			0.85			0.0129


			8/11/15 1:34			4.56			22.1			71.8			8.64			157			4.56			14.9			0.2941			99.1			8.09			0.84			0.0128


			8/11/15 1:34			4.39			22.11			71.8			8.65			158			4.39			14.4			0.2941			99.1			8.08			0.84			0.0127


			8/11/15 1:34			4.27			22.12			71.8			8.65			157			4.27			14			0.2941			99.1			8.08			0.83			0.0127


			8/11/15 1:34			4.17			22.12			71.8			8.65			158			4.17			13.7			0.2941			99.1			8.08			0.82			0.0126


			8/11/15 1:34			4.07			22.13			71.8			8.64			157			4.07			13.4			0.2941			99.1			8.08			0.82			0.0126


			8/11/15 1:35			3.94			22.13			71.8			8.65			157			3.94			12.9			0.2941			99.1			8.08			0.81			0.0124


			8/11/15 1:35			3.8			22.13			71.8			8.65			157			3.8			12.5			0.2941			99.3			8.09			0.79			0.0123


			8/11/15 1:35			3.53			22.13			71.8			8.65			158			3.53			11.9			0.2941			99.4			8.1			0.78			0.0121


			8/11/15 1:35			3.39			22.14			71.8			8.65			157			3.39			11.1			0.294			99.5			8.11			0.76			0.0118


			8/11/15 1:35			3.23			22.13			71.8			8.66			157			3.23			10.6			0.294			99.5			8.11			0.75			0.0116


			8/11/15 1:35			3.1			22.14			71.8			8.66			157			3.1			10.2			0.294			99.5			8.11			0.73			0.0115


			8/11/15 1:35			2.96			22.14			71.9			8.66			158			2.96			9.7			0.294			99.5			8.11			0.72			0.0114


			8/11/15 1:35			2.85			22.14			71.9			8.66			157			2.85			9.3			0.294			99.5			8.11			0.71			0.0113


			8/11/15 1:35			2.71			22.15			71.9			8.66			157			2.71			8.9			0.294			99.5			8.11			0.7			0.0113


			8/11/15 1:35			2.56			22.15			71.9			8.66			157			2.56			8.4			0.294			99.5			8.11			0.7			0.0112


			8/11/15 1:35			2.41			22.16			71.9			8.66			157			2.41			7.9			0.294			99.4			8.1			0.69			0.0111


			8/11/15 1:35			2.29			22.16			71.9			8.66			157			2.29			7.5			0.294			99.3			8.09			0.68			0.011


			8/11/15 1:35			2.03			22.19			71.9			8.66			157			2.03			7.2			0.294			99.2			8.08			0.67			0.011


			8/11/15 1:35			1.92			22.23			72			8.66			158			1.92			6.3			0.294			99.1			8.06			0.66			0.0107


			8/11/15 1:35			1.84			22.25			72			8.66			158			1.84			6			0.294			99.1			8.06			0.65			0.0106


			8/11/15 1:35			1.75			22.26			72.1			8.66			158			1.75			5.7			0.294			99			8.05			0.63			0.0104


			8/11/15 1:35			1.61			22.27			72.1			8.66			158			1.61			5.3			0.294			98.9			8.05			0.62			0.0103


			8/11/15 1:35			1.47			22.27			72.1			8.66			157			1.47			4.8			0.294			99			8.05			0.61			0.0101


			8/11/15 1:35			1.29			22.27			72.1			8.66			157			1.29			4.2			0.294			98.9			8.04			0.59			0.0101


			8/11/15 1:35			1.15			22.27			72.1			8.66			157			1.15			3.8			0.294			99.1			8.05			0.59			0.01


			8/11/15 1:35			1.07			22.28			72.1			8.65			157			1.07			3.5			0.2939			99.2			8.06			0.58			0.0099


			8/11/15 1:35			0.94			22.28			72.1			8.65			157			0.94			3.1			0.2939			99.2			8.06			0.57			0.0097


			8/11/15 1:35			0.83			22.28			72.1			8.66			157			0.83			2.7			0.2939			99.2			8.06			0.55			0.0095


			8/11/15 1:35			0.54			22.28			72.1			8.66			157			0.54			1.8			0.2939			99.2			8.06			0.53			0.0092


			8/11/15 1:35			0.54			22.28			72.1			8.66			157			0.54			1.8			0.2939			99.2			8.06			0.53			0.0092


			8/11/15 1:35			0.4			22.31			72.2			8.66			157			0.4			1.3			0.2939			99.2			8.06			0.51			0.009


			8/11/15 1:35			0.17			22.32			72.2			8.65			158			0.17			0.5			0.2939			99.3			8.06			0.48			0.0088


			8/11/15 1:35			0.09			22.33			72.2			8.65			157			0.09			0.3			0.2939			99.4			8.07			0.46			0.0082


			8/11/15 1:35			0.04			22.32			72.2			8.65			157			0.04			0.1			0.2939			99.4			8.07			0.42			0.008


			8/11/15 1:35			-0.03			22.32			72.2			8.65			157			-0.03			-0.1			0.2939			99.4			8.07			0.41			0.0077
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Sheet1


			Date / Time			Dep100 [meters]			Temp [°C]			Temp [°F]			pH [Units]			SpCond [µS/cm]			Dep100 [meters]			Dep100 [feet]			Turbidity [NTU]			LDO% [Sat]			LDO [mg/l]			Chlorophyll [µg/l]			Chlorophyll [Volts]


			7/15/15 0:55			11.99			13.84			56.9			7.91			156			11.99			39.3			7.2			82.5			7.96			2000000			0.0391


			7/15/15 0:55			12.01			13.84			56.9			7.9			156			12.01			39.4			64			82.3			7.94			2000000			0.0264


			7/15/15 0:55			11.99			13.83			56.9			7.9			156			11.99			39.3			7.6			82.1			7.93			2.04			0.0274


			7/15/15 0:55			11.98			13.82			56.9			7.9			156			11.98			39.3			5.1			82.2			7.93			2.13			0.0284


			7/15/15 0:55			12			13.82			56.9			7.88			156			12			39.4			5.9			82.3			7.94			2.22			0.0297


			7/15/15 0:55			12			13.82			56.9			7.88			156			12			39.4			174.9			82.3			7.94			2.34			0.028


			7/15/15 0:55			11.95			13.82			56.9			7.88			155			11.95			39.2			16.8			82.3			7.95			2.18			0.0277


			7/15/15 0:55			11.74			13.82			56.9			7.88			157			11.74			38.5			3.8			82.4			7.95			2.16			0.0284


			7/15/15 0:55			11.67			13.83			56.9			7.87			157			11.67			38.3			6.4			82.4			7.95			2.22			0.0281


			7/15/15 0:55			11.28			13.87			57			7.86			156			11.28			37			10.9			82.4			7.94			2.19			0.027


			7/15/15 0:55			11.14			13.89			57			7.86			157			11.14			36.5			6.7			82.4			7.94			2000000			0.0302


			7/15/15 0:56			10.99			13.9			57			7.86			157			10.99			36			5.4			82.3			7.93			2000000			0.0254


			7/15/15 0:56			10.84			13.92			57.1			7.85			157			10.84			35.6			5			82.3			7.93			1.95			0.0278


			7/15/15 0:56			10.63			14.01			57.2			7.85			157			10.63			34.9			83.7			82.3			7.91			2.17			0.025


			7/15/15 0:56			10.49			14.15			57.5			7.84			157			10.49			34.4			66.5			82.1			7.87			1.91			0.0282


			7/15/15 0:56			10.32			14.24			57.6			7.83			156			10.32			33.9			8.2			81.8			7.82			2.2			0.0273


			7/15/15 0:56			10.17			14.29			57.7			7.81			156			10.17			33.4			6.4			81.5			7.79			2.12			0.0277


			7/15/15 0:56			10.05			14.35			57.8			7.81			156			10.05			33			166.8			81.3			7.76			2.16			0.0208


			7/15/15 0:56			9.89			14.46			57.9			7.8			156			9.89			32.4			13.2			80.9			7.71			1.54			0.0298


			7/15/15 0:56			9.48			14.51			58.1			7.8			156			9.48			31.1			20.5			80			7.61			2.34			0.0301


			7/15/15 0:56			9.33			14.59			58.3			7.81			156			9.33			30.6			12.3			79.5			7.55			2.5			0.0173


			7/15/15 0:56			9.16			14.66			58.4			7.81			156			9.16			30			25.5			79			7.48			1.23			0.0267


			7/15/15 0:56			8.99			14.81			58.7			7.83			156			8.99			29.5			5.2			78.5			7.41			2.07			0.0291


			7/15/15 0:56			8.85			15.07			59.1			7.86			156			8.85			29			5.3			78.1			7.33			2.28			0.0258


			7/15/15 0:56			8.7			15.32			59.6			7.87			155			8.7			28.6			4.6			77.8			7.27			1.99			0.0231


			7/15/15 0:56			8.57			15.48			59.9			7.89			156			8.57			28.1			57			77.7			7.23			1.75			0.0255


			7/15/15 0:56			8.39			15.76			60.4			7.9			157			8.39			27.5			6.2			77.7			7.19			1.96			0.0254


			7/15/15 0:56			8.23			16.02			60.8			7.92			159			8.23			27			4.9			77.9			7.17			1.96			0.0258


			7/15/15 0:56			8.1			16.5			61.7			7.99			158			8.1			26.6			4.8			85.7			7.8			1.99			0.0257


			7/15/15 0:56			7.91			17.09			62.8			8.04			159			7.91			26			131.5			86.6			7.79			1.98			0.0188


			7/15/15 0:56			7.76			17.98			64.4			8.16			156			7.76			25.5			9			86.9			7.68			1.37			0.0204


			7/15/15 0:56			7.63			19.21			66.6			8.23			154			7.63			25			7			87.5			7.63			1.51			0.0221


			7/15/15 0:56			7.32			19.48			67.1			8.39			154			7.32			24			50.4			88.6			7.59			1.65			0.0127


			7/15/15 0:56			7.16			19.85			67.7			8.46			154			7.16			23.5			18.5			98.7			8.39			0.82			0.0193


			7/15/15 0:56			7			20.13			68.2			8.49			152			7			23			3.1			99.3			8.39			1.41			0.0185


			7/15/15 0:56			6.83			20.3			68.5			8.52			154			6.83			22.4			3.9			101.1			8.52			1.34			0.0182


			7/15/15 0:56			6.61			20.54			69			8.53			155			6.61			21.7			3.9			102.3			8.58			1.31			0.0152


			7/15/15 0:56			6.45			21.01			69.8			8.55			155			6.45			21.2			40			102.7			8.54			1.05			0.0175


			7/15/15 0:56			6.35			21.47			70.6			8.55			155			6.35			20.8			4.2			103.1			8.49			1.25			0.0171


			7/15/15 0:56			6.17			21.94			71.5			8.55			155			6.17			20.2			3.3			103.1			8.41			1.21			0.0168


			7/15/15 0:56			6			22.19			71.9			8.56			154			6			19.7			2.8			103			8.37			1.19			0.0165


			7/15/15 0:57			5.86			22.32			72.2			8.56			155			5.86			19.2			84.7			103			8.35			1.16			0.0123


			7/15/15 0:57			5.55			22.37			72.3			8.57			155			5.55			18.2			3.3			103.5			8.38			1.17			0.0178


			7/15/15 0:57			5.37			22.38			72.3			8.58			155			5.37			17.6			2.7			104			8.41			1.28			0.0133


			7/15/15 0:57			5.21			22.42			72.3			8.58			155			5.21			17.1			173.6			103.8			8.39			0.88			0.0108


			7/15/15 0:57			5.08			22.43			72.4			8.59			156			5.08			16.7			11			103.4			8.36			0.65			0.0135


			7/15/15 0:57			4.9			22.46			72.4			8.59			156			4.9			16.1			2			102.8			8.31			0.9			0.0136


			7/15/15 0:57			4.71			22.48			72.5			8.59			155			4.71			15.5			3.3			102.2			8.25			0.9			0.013


			7/15/15 0:57			4.6			22.49			72.5			8.6			154			4.6			15.1			9.1			101.5			8.19			0.85			0.0089


			7/15/15 0:57			4.44			22.5			72.5			8.6			155			4.44			14.6			22			101			8.15			0.49			0.013


			7/15/15 0:57			4.3			22.52			72.5			8.61			155			4.3			14.1			3.3			100.6			8.11			0.85			0.0128


			7/15/15 0:57			4.16			22.53			72.6			8.6			155			4.16			13.6			2.9			100.2			8.09			0.83			0.013


			7/15/15 0:57			3.81			22.54			72.6			8.61			155			3.81			12.5			65.8			99.9			8.06			0.85			0.0128


			7/15/15 0:57			3.65			22.55			72.6			8.61			155			3.65			12			4.6			99.9			8.05			0.83			0.0128


			7/15/15 0:57			3.5			22.55			72.6			8.62			155			3.5			11.5			2.6			99.8			8.05			0.83			0.0127


			7/15/15 0:57			3.38			22.56			72.6			8.62			156			3.38			11.1			2.4			99.7			8.04			0.83			0.0126


			7/15/15 0:57			3.19			22.57			72.6			8.62			155			3.19			10.5			153.8			99.7			8.04			0.82			0.0124


			7/15/15 0:57			3.02			22.58			72.7			8.62			155			3.02			9.9			8.7			99.7			8.04			0.79			0.0124


			7/15/15 0:57			2.87			22.6			72.7			8.62			155			2.87			9.4			2.2			99.8			8.04			0.79			0.0123


			7/15/15 0:57			2.72			22.62			72.7			8.63			154			2.72			8.9			2.9			99.9			8.04			0.79			0.0121


			7/15/15 0:57			2.54			22.64			72.7			8.63			155			2.54			8.3			11.3			100			8.05			0.77			0.0117


			7/15/15 0:57			2.2			22.68			72.8			8.63			155			2.2			7.2			16			100.1			8.05			0.73			0.0114


			7/15/15 0:57			2.01			22.69			72.8			8.63			155			2.01			6.6			2.3			100.1			8.05			0.7			0.0112


			7/15/15 0:57			1.82			22.71			72.9			8.63			155			1.82			6			2.1			100.2			8.06			0.69			0.011


			7/15/15 0:57			1.66			22.73			72.9			8.63			156			1.66			5.4			48.5			100.4			8.07			0.68			0.0109


			7/15/15 0:57			1.46			22.73			72.9			8.63			156			1.46			4.8			3.9			100.5			8.08			0.67			0.0109


			7/15/15 0:57			1.29			22.74			72.9			8.63			155			1.29			4.2			2.5			100.6			8.08			0.67			0.0107


			7/15/15 0:57			1.13			22.75			72.9			8.64			155			1.13			3.7			1.9			100.6			8.08			0.65			0.0106


			7/15/15 0:57			0.99			22.75			73			8.64			155			0.99			3.2			97.9			100.6			8.08			0.63			0.0103


			7/15/15 0:57			0.84			22.76			73			8.63			155			0.84			2.8			5.7			100.6			8.08			0.61			0.0104


			7/15/15 0:57			0.69			22.78			73			8.63			155			0.69			2.3			5.3			100.5			8.07			0.62			0.0102


			7/15/15 0:58			0.4			22.9			73.2			8.63			156			0.4			1.3			2.6			100.3			8.04			0.6			0.0099


			7/15/15 0:58			0.25			23.01			73.4			8.62			156			0.25			0.8			13.8			100.2			8.01			0.53			0.009


			7/15/15 0:58			0.1			23.13			73.6			8.61			156			0.1			0.3			1.9			100.2			7.99			0.49			0.0086


			7/15/15 0:58			0			23.37			74.1			8.62			157			0			0			2.2			100			7.94			0.46			0.0082
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Sheet1


			Date / Time			Dep100 [meters]			Temp [°C]			Temp [°F]			pH [Units]			SpCond [µS/cm]			Dep100 [meters]			Dep100 [feet]			Turbidity [NTU]			LDO% [Sat]			LDO [mg/l]			Chlorophyll [µg/l]			Chlorophyll [Volts]


			6/15/15 23:55			11.82			8.23			46.8			7.83			157			11.82			38.8			0			90.2			9.92			3.45			0.0427


			6/15/15 23:55			11.8			8.23			46.8			7.82			157			11.8			38.7			0			89.4			9.84			3.72			0.0455


			6/15/15 23:55			11.82			8.22			46.8			7.81			157			11.82			38.8			0			89.2			9.81			3.74			0.0458


			6/15/15 23:55			11.83			8.23			46.8			7.81			158			11.83			38.8			0			88.9			9.79			3.77			0.0466


			6/15/15 23:55			11.84			8.23			46.8			7.81			158			11.84			38.8			0			88.8			9.77			3.84			0.0468


			6/15/15 23:55			11.84			8.21			46.8			7.8			157			11.84			38.8			0			88.7			9.77			3.86			0.047


			6/15/15 23:56			11.83			8.22			46.8			7.8			157			11.83			38.8			0			88.5			9.74			3.88			0.0469


			6/15/15 23:56			11.82			8.22			46.8			7.79			157			11.82			38.8			0			88.4			9.73			3.87			0.0465


			6/15/15 23:56			11.82			8.23			46.8			7.8			157			11.82			38.8			0			88.3			9.72			3.83			0.0468


			6/15/15 23:56			11.79			8.23			46.8			7.8			157			11.79			38.7			0			88.2			9.7			3.86			0.0471


			6/15/15 23:56			11.81			8.23			46.8			7.79			157			11.81			38.7			0			88			9.68			3.88			0.0446


			6/15/15 23:56			11.81			8.23			46.8			7.79			156			11.81			38.7			0			88			9.68			3.68			0.0452


			6/15/15 23:56			11.82			8.23			46.8			7.79			157			11.82			38.8			0			87.9			9.68			3.71			0.0447


			6/15/15 23:56			11.71			8.24			46.8			7.78			157			11.71			38.4			0			87.8			9.66			3.67			0.0444


			6/15/15 23:56			11.56			8.24			46.8			7.79			157			11.56			37.9			0			87.7			9.65			3.64			0.0445


			6/15/15 23:56			11.41			8.26			46.9			7.77			157			11.41			37.4			0			87.6			9.64			3.65			0.0445


			6/15/15 23:56			11.25			8.27			46.9			7.78			157			11.25			36.9			0			87.5			9.62			3.65			0.0444


			6/15/15 23:56			11.09			8.27			46.9			7.78			157			11.09			36.4			0			87.5			9.62			3.64			0.0444


			6/15/15 23:56			10.93			8.28			46.9			7.77			157			10.93			35.9			0			87.6			9.63			3.64			0.0442


			6/15/15 23:56			10.77			8.3			46.9			7.78			158			10.77			35.3			0			87.5			9.62			3.62			0.0448


			6/15/15 23:56			10.62			8.33			47			7.78			155			10.62			34.8			0			87.5			9.6			3.68			0.0442


			6/15/15 23:56			10.27			8.41			47.1			7.78			157			10.27			34.3			0			87.4			9.58			3.63			0.044


			6/15/15 23:56			10.11			8.46			47.2			7.79			156			10.11			33.2			0			87.4			9.57			3.62			0.0447


			6/15/15 23:56			9.96			8.5			47.3			7.79			157			9.96			32.7			0			87.6			9.57			3.67			0.0448


			6/15/15 23:56			9.79			8.54			47.4			7.79			157			9.79			32.1			0			87.6			9.57			3.68			0.0447


			6/15/15 23:56			9.64			8.6			47.5			7.79			158			9.64			31.6			0			87.7			9.56			3.67			0.0457


			6/15/15 23:56			9.49			8.64			47.6			7.8			157			9.49			31.1			0			87.7			9.56			3.76			0.046


			6/15/15 23:56			9.3			8.72			47.7			7.8			157			9.3			30.5			0			87.8			9.54			3.79			0.0459


			6/15/15 23:56			9.16			8.8			47.8			7.8			157			9.16			30.1			0			87.9			9.54			3.77			0.0454


			6/15/15 23:56			8.99			8.85			47.9			7.8			157			8.99			29.5			0			88			9.54			3.73			0.045


			6/15/15 23:56			8.85			8.88			48			7.81			157			8.85			29			0			88.2			9.56			3.7			0.0448


			6/15/15 23:56			8.69			8.91			48			7.81			156			8.69			28.5			0			88.4			9.57			3.68			0.0442


			6/15/15 23:56			8.37			8.94			48.1			7.82			158			8.37			27.5			0			88.7			9.6			3.55			0.0431


			6/15/15 23:56			8.23			8.98			48.2			7.82			156			8.23			27			0			89			9.62			3.53			0.0428


			6/15/15 23:56			8.07			9.06			48.3			7.83			157			8.07			26.5			0			89.1			9.61			3.5			0.041


			6/15/15 23:56			7.89			9.15			48.5			7.83			156			7.89			25.9			0			89.2			9.6			3.34			0.041


			6/15/15 23:57			7.74			9.19			48.5			7.84			157			7.74			25.4			0			89.3			9.6			3.22			0.0386


			6/15/15 23:57			7.6			9.27			48.7			7.84			157			7.6			24.9			0			89.5			9.61			3.13			0.0377


			6/15/15 23:57			7.41			9.33			48.8			7.85			156			7.41			24.3			0			89.7			9.62			3.04			0.0368


			6/15/15 23:57			7.26			9.39			48.9			7.86			156			7.26			23.8			0			89.8			9.61			2.97			0.0356


			6/15/15 23:57			7.1			9.43			49			7.87			157			7.1			23.3			0			90			9.62			2.86			0.0349


			6/15/15 23:57			6.94			9.5			49.1			7.87			157			6.94			22.8			0			90.3			9.64			2.8			0.0336


			6/15/15 23:57			6.8			9.55			49.2			7.87			156			6.8			22.3			0			90.5			9.64			2.69			0.0321


			6/15/15 23:57			6.64			9.6			49.3			7.88			156			6.64			21.8			0			90.7			9.66			2.55			0.031


			6/15/15 23:57			6.48			9.66			49.4			7.89			156			6.48			21.3			0			91			9.68			2.45			0.0303


			6/15/15 23:57			6.15			9.8			49.6			7.89			156			6.15			20.7			0			91.4			9.68			2.38			0.0296


			6/15/15 23:57			6			9.86			49.8			7.91			156			6			19.7			0			91.5			9.68			2000000			0.0232


			6/15/15 23:57			5.83			9.94			49.9			7.92			156			5.83			19.1			0			91.8			9.7			2000000			0.0241


			6/15/15 23:57			5.66			10.12			50.2			7.93			156			5.66			18.6			0			92			9.68			1.84			0.0227


			6/15/15 23:57			5.53			10.21			50.4			7.94			156			5.53			18.2			0			92.4			9.69			1.71			0.0227


			6/15/15 23:57			5.37			10.39			50.7			7.95			155			5.37			17.6			0			92.5			9.66			1.72			0.0233


			6/15/15 23:57			5.19			10.63			51.1			8.03			157			5.19			17			0			92.9			9.65			1.77			0.0232


			6/15/15 23:57			5.08			11.76			53.2			8.1			153			5.08			16.7			0			100.9			10.21			1.76			0.0231


			6/15/15 23:57			4.91			12.75			54.9			8.16			154			4.91			16.1			0			100.4			9.94			1.74			0.0227


			6/15/15 23:57			4.79			13.77			56.8			8.22			154			4.79			15.7			0			99.8			9.65			1.72			0.0225


			6/15/15 23:57			4.48			15.68			60.2			8.26			150			4.48			14.7			0			99.1			9.2			1.69			0.0224


			6/15/15 23:57			4.32			16.14			61			8.31			150			4.32			14.2			0			99.1			9.11			1.66			0.0216


			6/15/15 23:57			4.16			16.44			61.6			8.34			149			4.16			13.7			0			99.3			9.07			1.62			0.0212


			6/15/15 23:57			4			16.79			62.2			8.35			149			4			13.1			0			99.2			8.99			1.58			0.0207


			6/15/15 23:57			3.82			17			62.6			8.37			149			3.82			12.5			0			99.3			8.96			1.54			0.0201


			6/15/15 23:57			3.69			17.11			62.8			8.38			149			3.69			12.1			0			99.4			8.95			1.48			0.0196


			6/15/15 23:57			3.53			17.26			63.1			8.38			148			3.53			11.6			0			99.9			8.97			1.44			0.0192


			6/15/15 23:57			3.41			17.48			63.5			8.4			148			3.41			11.2			0			100.3			8.96			1.4			0.0189


			6/15/15 23:57			3.26			17.69			63.8			8.42			150			3.26			10.7			0			100.7			8.96			1.37			0.0185


			6/15/15 23:57			3.14			17.93			64.3			8.41			149			3.14			10.3			0			100.8			8.92			1.34			0.0178


			6/15/15 23:57			2.81			18.19			64.8			8.43			148			2.81			9.2			0			100.7			8.86			1.28			0.0173


			6/15/15 23:58			2.67			18.27			64.9			8.44			148			2.67			8.8			0			100.7			8.85			1.19			0.0165


			6/15/15 23:58			2.49			18.31			65			8.45			148			2.49			8.2			0			100.7			8.84			1.16			0.0162


			6/15/15 23:58			2.35			18.35			65			8.46			148			2.35			7.7			0			100.6			8.83			1.13			0.0157


			6/15/15 23:58			2.2			18.39			65.1			8.46			149			2.2			7.2			0			100.5			8.82			1.09			0.0154


			6/15/15 23:58			2.02			18.42			65.2			8.47			148			2.02			6.6			0			100.6			8.82			1.06			0.015


			6/15/15 23:58			1.88			18.44			65.2			8.47			148			1.88			6.2			0			100.6			8.81			1.03			0.0146


			6/15/15 23:58			1.74			18.48			65.3			8.47			148			1.74			5.7			0			100.4			8.79			0.99			0.0143


			6/15/15 23:58			1.57			18.5			65.3			8.48			148			1.57			5.1			0			100.4			8.78			0.96			0.014


			6/15/15 23:58			1.45			18.53			65.3			8.47			148			1.45			4.7			0			100.4			8.78			0.94			0.0137


			6/15/15 23:58			1.26			18.55			65.4			8.49			148			1.26			4.1			0			100.4			8.77			0.91			0.0136


			6/15/15 23:58			0.97			18.56			65.4			8.49			147			0.97			3.2			0			100.3			8.77			0.88			0.0129


			6/15/15 23:58			0.83			18.57			65.4			8.49			148			0.83			2.7			0			100.5			8.78			0.84			0.0126


			6/15/15 23:58			0.67			18.59			65.5			8.49			148			0.67			2.2			0			100.6			8.79			0.82			0.0122


			6/15/15 23:58			0.51			18.64			65.5			8.49			148			0.51			1.7			0			100.6			8.78			0.78			0.0117


			6/15/15 23:58			0.35			18.73			65.7			8.49			148			0.35			1.1			0			100.6			8.77			0.73			0.0112


			6/15/15 23:58			0.21			18.84			65.9			8.48			149			0.21			0.7			0			100.7			8.75			0.69			0.0108


			6/15/15 23:58			0.08			18.98			66.2			8.48			150			0.08			0.3			0			100.7			8.73			0.65			0.0103
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Sheet1


			Date / Time			Temp [°C]			Temp [°F]			pH [Units]			SpCond [µS/cm]			Dep100 [meters]			Dep100 [feet]			Turbidity [NTU]			LDO% [Sat]			LDO [mg/l]			Chlorophyll [µg/l]			Chlorophyll [Volts]


			9/8/15 1:29			15.73			60.3			8.22			160			12.6			41.3			0			91.9			8.56			1.33			0.0183


			9/8/15 1:29			15.72			60.3			8.21			160			12.6			41.3			0			91.5			8.52			1.32			0.0184


			9/8/15 1:29			15.72			60.3			8.21			160			12.61			41.4			0			91.2			8.49			1.33			0.0188


			9/8/15 1:29			15.72			60.3			8.21			160			12.6			41.3			0			90.9			8.47			1.36			0.0189


			9/8/15 1:29			15.72			60.3			8.2			160			12.33			40.4			0			90.4			8.42			1.38			0.0187


			9/8/15 1:29			15.72			60.3			8.2			160			12.17			39.9			0			90.1			8.39			1.36			0.0187


			9/8/15 1:29			15.72			60.3			8.2			160			12.01			39.4			0			90			8.38			1.35			0.0186


			9/8/15 1:29			15.72			60.3			8.21			160			11.86			38.9			0			89.9			8.37			1.35			0.0187


			9/8/15 1:29			15.73			60.3			8.22			159			11.71			38.4			0			89.7			8.35			1.36			0.019


			9/8/15 1:29			15.73			60.3			8.22			160			11.56			37.9			0			89.6			8.34			1.38			0.0189


			9/8/15 1:29			15.73			60.3			8.22			160			11.4			37.4			0			89.8			8.36			1.37			0.0191


			9/8/15 1:29			15.73			60.3			8.22			161			11.24			36.9			0			89.8			8.36			1.4			0.019


			9/8/15 1:29			15.73			60.3			8.22			160			11.09			36.4			0			89.8			8.36			1.39			0.019


			9/8/15 1:29			15.75			60.4			8.22			160			10.93			35.9			0			89.9			8.37			1.39			0.0191


			9/8/15 1:29			15.78			60.4			8.23			160			10.63			34.9			0			90			8.37			1.42			0.0198


			9/8/15 1:29			15.81			60.5			8.24			161			10.49			34.4			0			90.1			8.37			1.45			0.024


			9/8/15 1:29			15.82			60.5			8.24			161			10.34			33.9			0			90.2			8.38			1.82			0.0231


			9/8/15 1:29			15.87			60.6			8.25			160			10.18			33.4			0			90.2			8.38			1.75			0.0225


			9/8/15 1:29			15.89			60.6			8.25			159			10.04			32.9			0			90.2			8.37			1.69			0.0235


			9/8/15 1:29			15.91			60.6			8.27			160			9.88			32.4			0			90.3			8.38			1.78			0.0229


			9/8/15 1:29			15.93			60.7			8.28			161			9.74			32			0			90.4			8.38			1.73			0.0232


			9/8/15 1:29			15.96			60.7			8.28			160			9.62			31.5			0			90.6			8.39			1.76			0.0232


			9/8/15 1:29			15.97			60.8			8.29			160			9.5			31.2			0			90.7			8.4			1.76			0.0232


			9/8/15 1:29			16.05			60.9			8.3			160			9.4			30.8			0			90.9			8.41			1.76			0.0233


			9/8/15 1:29			16.12			61			8.33			161			9.15			30			0			91.1			8.41			1.77			0.0232


			9/8/15 1:29			16.17			61.1			8.35			160			9.04			29.7			0			91.3			8.42			1.76			0.0234


			9/8/15 1:29			16.24			61.2			8.37			160			8.93			29.3			0			91.4			8.42			1.77			0.0231


			9/8/15 1:29			16.31			61.4			8.41			161			8.79			28.8			0			91.8			8.44			1.75			0.0228


			9/8/15 1:29			16.36			61.4			8.46			160			8.65			28.4			0			91.9			8.44			1.72			0.0178


			9/8/15 1:30			16.46			61.6			8.49			160			8.54			28			0			92.2			8.45			1.27			0.0179


			9/8/15 1:30			16.52			61.7			8.52			159			8.42			27.6			0			92.5			8.47			1.29			0.0179


			9/8/15 1:30			16.57			61.8			8.55			160			8.29			27.2			0			92.9			8.5			1.28			0.0185


			9/8/15 1:30			16.61			61.9			8.57			160			8.17			26.8			0			93.3			8.53			1.34			0.0179


			9/8/15 1:30			16.71			62.1			8.59			159			8.06			26.4			0			94			8.58			1.28			0.0177


			9/8/15 1:30			16.75			62.1			8.62			159			7.8			25.6			0			94.9			8.65			1.27			0.0176


			9/8/15 1:30			16.78			62.2			8.63			159			7.67			25.2			0			95.5			8.69			1.26			0.0174


			9/8/15 1:30			16.79			62.2			8.63			159			7.55			24.8			0			96			8.74			1.25			0.0175


			9/8/15 1:30			16.79			62.2			8.64			160			7.44			24.4			0			96.6			8.79			1.25			0.0175


			9/8/15 1:30			16.8			62.2			8.64			159			7.32			24			0			96.9			8.82			1.25			0.0174


			9/8/15 1:30			16.82			62.3			8.64			159			7.19			23.6			0			97.4			8.86			1.24			0.0173


			9/8/15 1:30			16.83			62.3			8.65			159			7.1			23.3			0			97.7			8.89			1.23			0.0173


			9/8/15 1:30			16.83			62.3			8.65			159			6.97			22.9			0			98			8.92			1.23			0.0172


			9/8/15 1:30			16.84			62.3			8.65			159			6.85			22.5			0			98			8.92			1.23			0.0174


			9/8/15 1:30			16.87			62.4			8.66			159			6.63			22.1			0			98.3			8.93			1.24			0.0173


			9/8/15 1:30			16.89			62.4			8.66			159			6.49			21.3			0			98.4			8.94			1.23			0.0174


			9/8/15 1:30			16.92			62.4			8.66			159			6.36			20.9			0			98.5			8.94			1.24			0.0173


			9/8/15 1:30			16.94			62.5			8.66			159			6.24			20.5			0			98.6			8.95			1.23			0.0174


			9/8/15 1:30			16.96			62.5			8.66			160			6.12			20.1			0			98.8			8.96			1.24			0.0174


			9/8/15 1:30			16.97			62.5			8.66			159			5.99			19.7			0			98.9			8.98			1.24			0.0175


			9/8/15 1:30			16.98			62.6			8.66			159			5.88			19.3			0			99			8.98			1.25			0.0175


			9/8/15 1:30			16.98			62.6			8.66			159			5.77			18.9			0			99			8.98			1.25			0.0176


			9/8/15 1:30			16.98			62.6			8.66			159			5.64			18.5			0			99.2			8.99			1.26			0.0176


			9/8/15 1:30			16.97			62.6			8.66			160			5.51			18.1			0			99.4			9.02			1.26			0.0177


			9/8/15 1:30			16.99			62.6			8.66			159			5.26			17.7			0			99.4			9.02			1.27			0.0179


			9/8/15 1:30			16.98			62.6			8.66			159			5.15			16.9			0			99.4			9.02			1.3			0.0185


			9/8/15 1:30			16.99			62.6			8.66			159			5.02			16.5			0			99.4			9.01			1.34			0.0185


			9/8/15 1:30			17			62.6			8.66			159			4.89			16.1			0			99.4			9.01			1.34			0.0186


			9/8/15 1:30			17			62.6			8.67			159			4.78			15.7			0			99.3			9			1.34			0.0186


			9/8/15 1:30			17.01			62.6			8.67			159			4.63			15.2			0			99.3			9			1.35			0.0185


			9/8/15 1:31			17.02			62.6			8.67			159			4.55			14.9			0			99.3			9			1.34			0.0185


			9/8/15 1:31			17.03			62.6			8.67			161			4.45			14.6			0			99.2			8.99			1.33			0.0183


			9/8/15 1:31			17.03			62.7			8.67			160			4.32			14.2			0			99.1			8.97			1.32			0.0182


			9/8/15 1:31			17.04			62.7			8.67			159			4.2			13.8			0			99.2			8.98			1.31			0.018


			9/8/15 1:31			17.05			62.7			8.68			160			3.95			13.4			0			99.1			8.97			1.29			0.0178


			9/8/15 1:31			17.05			62.7			8.68			159			3.84			12.6			0			99.1			8.97			1.23			0.0171


			9/8/15 1:31			17.06			62.7			8.68			160			3.72			12.2			0			99.1			8.97			1.21			0.0169


			9/8/15 1:31			17.06			62.7			8.68			159			3.61			11.8			0			99.1			8.97			1.2			0.0166


			9/8/15 1:31			17.06			62.7			8.68			160			3.47			11.4			0			99.2			8.98			1.17			0.0166


			9/8/15 1:31			17.07			62.7			8.68			159			3.36			11			0			99.3			8.99			1.17			0.0164


			9/8/15 1:31			17.07			62.7			8.69			160			3.24			10.6			0			99.5			9			1.15			0.0164


			9/8/15 1:31			17.07			62.7			8.68			159			3.11			10.2			0			99.6			9.01			1.15			0.0164


			9/8/15 1:31			17.08			62.7			8.69			160			2.99			9.8			0			99.5			9			1.15			0.0163


			9/8/15 1:31			17.09			62.8			8.69			159			2.87			9.4			0			99.5			9			1.14			0.0163


			9/8/15 1:31			17.09			62.8			8.69			159			2.61			8.5			0			99.7			9.02			1.15			0.0165


			9/8/15 1:31			17.1			62.8			8.69			159			2.51			8.2			0			99.7			9.02			1.15			0.0162


			9/8/15 1:31			17.11			62.8			8.69			160			2.37			7.8			0			99.8			9.03			1.14			0.0163


			9/8/15 1:31			17.1			62.8			8.69			162			2.25			7.4			0			99.8			9.02			1.14			0.0162


			9/8/15 1:31			17.1			62.8			8.69			160			2.14			7			0			99.8			9.03			1.14			0.0162


			9/8/15 1:31			17.1			62.8			8.69			159			2			6.6			0			99.8			9.03			1.14			0.016


			9/8/15 1:31			17.11			62.8			8.69			159			1.89			6.2			0			99.8			9.03			1.12			0.0159


			9/8/15 1:31			17.11			62.8			8.69			159			1.78			5.8			0			100			9.04			1.11			0.0158


			9/8/15 1:31			17.12			62.8			8.69			159			1.65			5.4			0			99.9			9.04			1.1			0.0155


			9/8/15 1:31			17.12			62.8			8.69			159			1.52			5			0			99.9			9.04			1.07			0.0152


			9/8/15 1:31			17.12			62.8			8.69			160			1.28			4.2			0			99.8			9.03			1.04			0.0153


			9/8/15 1:31			17.13			62.8			8.69			159			1.16			3.8			0			99.9			9.03			1.04			0.0149


			9/8/15 1:31			17.13			62.8			8.69			160			1.02			3.4			0			99.9			9.03			1.02			0.0148


			9/8/15 1:31			17.13			62.8			8.69			155			0.92			3			0			100			9.04			1.01			0.0146


			9/8/15 1:31			17.14			62.8			8.69			159			0.79			2.6			0			100.1			9.05			0.99			0.0144


			9/8/15 1:31			17.14			62.9			8.68			159			0.66			2.2			0			100.1			9.04			0.98			0.0142


			9/8/15 1:32			17.14			62.9			8.69			157			0.55			1.8			0			100.1			9.04			0.96			0.0139


			9/8/15 1:32			17.14			62.9			8.69			160			0.44			1.4			0			100.2			9.05			0.93			0.0138


			9/8/15 1:32			17.14			62.9			8.7			160			0.32			1			0			100.1			9.04			0.92			0.0135


			9/8/15 1:32			17.15			62.9			8.71			160			0.23			0.8			0			100.3			9.06			0.9			0.0132


			9/8/15 1:32			17.15			62.9			8.71			159			0.05			0.1			0			100.2			9.06			0.87			0.013


			9/8/15 1:32			17.16			62.9			8.68			159			0			0			0			100.4			9.07			0.82			0.0124
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Sheet1


			Date / Time			Temp [°C]			pH [Units]			SpCond [µS/cm]			Dep100 [meters]			Turbidity [NTU]			LDO% [Sat]			LDO [mg/l]			Chlorophyll [µg/l]			Chlorophyll [Volts]


			6/18/13 14:59			18.18			8.61			56			0.02			2.5			124.5			10.89			1.24			0.0153


			6/18/13 14:59			18.18			8.53			57			0.93			3.5			125.2			10.95			1.21			0.0151


			6/18/13 14:59			17.57			8.54			57			1.78			1.6			125.6			11.12			1.77			0.02


			6/18/13 14:59			17.22			8.55			57			2.82			2			124.3			11.09			2.46			0.0263


			6/18/13 14:59			17.02			8.55			58			4.24			2.3			124			11.12			2.48			0.0276


			6/18/13 14:59			17			8.54			57			5.64			2.5			124.4			11.15			2.82			0.0305


			6/18/13 15:00			16.94			8.52			58			6.96			2.4			124.1			11.14			2.74			0.0297


			6/18/13 15:00			16.86			8.54			57			8.02			2.5			125.7			11.3			2.77			0.03


			6/18/13 15:00			16.87			8.53			57			9.67			2.4			126.2			11.35			2.85			0.0311


			6/18/13 15:00			16.84			8.55			57			10.98			2.2			126.7			11.39			2.89			0.0312


			6/18/13 15:00			16.81			8.57			57			12.66			2.2			127.5			11.48			2.81			0.0307


			6/18/13 15:01			16.8			8.57			58			13.9			2.3			123.3			11.1			3.22			0.034
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Sheet1


			Date / Time			Dep100 [meters]			Temp [°C]			pH [Units]			SpCond [µS/cm]						Turbidity [NTU]			LDO% [Sat]			LDO [mg/l]			Chlorophyll [µg/l]


			8/24/12 11:31			0.03			21.69			8.71			152						1.1			108.3			9.56			0.5


			8/24/12 11:31			0.11			21.7			8.7			152						1.1			108.3			9.56			0.51


			8/24/12 11:31			0.18			21.69			8.7			152						1.1			108.3			9.56			0.54


			8/24/12 11:31			0.27			21.7			8.65			151						1.1			108.2			9.55			0.59


			8/24/12 11:31			0.33			21.7			8.72			151						1.1			108.2			9.55			0.66


			8/24/12 11:31			0.46			21.71			8.7			151						1.1			108.2			9.55			0.69


			8/24/12 11:31			0.56			21.71			8.71			152						1.1			108.3			9.55			0.72


			8/24/12 11:31			0.66			21.71			8.71			151						1.1			108.2			9.55			0.75


			8/24/12 11:31			0.77			21.7			8.7			151						1.1			108.2			9.55			0.78


			8/24/12 11:31			0.9			21.7			8.7			152						1.1			108.1			9.54			0.8


			8/24/12 11:31			1.01			21.7			8.7			152						1.1			108.1			9.54			0.83


			8/24/12 11:31			1.26			21.71			8.71			151						1.1			108.1			9.54			0.84


			8/24/12 11:31			1.37			21.71			8.7			152						1.1			108			9.53			0.84


			8/24/12 11:31			1.47			21.71			8.7			151						1.1			108			9.53			0.85


			8/24/12 11:31			1.58			21.71			8.71			151						1.1			108			9.53			0.86


			8/24/12 11:31			1.7			21.71			8.71			152						1.1			107.9			9.53			0.87


			8/24/12 11:31			1.81			21.71			8.71			152						1.1			108			9.53			0.88


			8/24/12 11:30			2.05			21.71			8.71			151						1.1			107.9			9.52			0.89


			8/24/12 11:30			2.17			21.71			8.72			152						1.1			107.9			9.52			0.89


			8/24/12 11:30			2.28			21.72			8.72			152						1.1			107.8			9.51			0.88


			8/24/12 11:30			2.39			21.71			8.71			151						1.1			107.7			9.51			0.88


			8/24/12 11:30			2.49			21.71			8.71			152						1.1			107.7			9.51			0.89


			8/24/12 11:30			2.6			21.71			8.72			151						1.1			107.7			9.51			0.89


			8/24/12 11:30			2.7			21.71			8.72			151						1.1			107.7			9.5			0.89


			8/24/12 11:30			2.9			21.7			8.72			151						1.1			107.6			9.5			0.89


			8/24/12 11:30			3			21.7			8.72			152						1.1			107.5			9.49			0.89


			8/24/12 11:30			3.12			21.7			8.72			151						1.1			107.6			9.5			0.89


			8/24/12 11:30			3.24			21.7			8.72			151						1.1			107.7			9.5			0.89


			8/24/12 11:30			3.32			21.7			8.73			152						1.1			107.7			9.5			0.89


			8/24/12 11:30			3.44			21.7			8.72			151						1.1			107.7			9.5			0.89


			8/24/12 11:30			3.67			21.71			8.72			152						1.1			107.7			9.5			0.87


			8/24/12 11:30			3.75			21.7			8.72			152						1.1			107.7			9.51			0.87


			8/24/12 11:30			3.88			21.71			8.72			152						1.2			107.7			9.51			0.87


			8/24/12 11:30			3.99			21.7			8.72			151						1.3			107.7			9.51			0.88


			8/24/12 11:30			4.11			21.7			8.72			151						1.1			107.7			9.51			0.89


			8/24/12 11:30			4.21			21.7			8.72			151						1.2			107.7			9.51			0.89


			8/24/12 11:30			4.43			21.7			8.72			151						1.2			107.5			9.49			0.91


			8/24/12 11:30			4.53			21.71			8.72			152						1.2			107.5			9.49			0.91


			8/24/12 11:30			4.66			21.7			8.72			152						1.2			107.5			9.49			0.92


			8/24/12 11:30			4.75			21.71			8.72			151						1.2			107.4			9.48			0.94


			8/24/12 11:30			4.88			21.71			8.72			151						1.2			107.4			9.48			0.94


			8/24/12 11:30			4.99			21.71			8.72			152						1.2			107.4			9.48			0.94


			8/24/12 11:30			5.23			21.71			8.72			151						1.2			107.4			9.48			0.94


			8/24/12 11:30			5.34			21.7			8.72			151						1.2			107.4			9.48			0.94


			8/24/12 11:30			5.43			21.7			8.72			151						1.2			107.3			9.47			0.94


			8/24/12 11:30			5.54			21.7			8.72			151						1.2			107.3			9.47			0.94


			8/24/12 11:30			5.63			21.7			8.72			151						1.2			107.4			9.48			0.94


			8/24/12 11:29			5.73			21.7			8.72			151						1.2			107.3			9.47			0.93


			8/24/12 11:29			5.87			21.7			8.72			151						1.2			107.3			9.47			0.92


			8/24/12 11:29			6.09			21.7			8.73			151						1.2			107.2			9.46			0.92


			8/24/12 11:29			6.16			21.7			8.73			152						1.2			107.1			9.45			0.91


			8/24/12 11:29			6.28			21.69			8.73			152						1.2			107.1			9.45			0.91


			8/24/12 11:29			6.39			21.69			8.73			151						1.2			107			9.45			0.9


			8/24/12 11:29			6.5			21.69			8.73			151						1.2			107			9.45			0.89


			8/24/12 11:29			6.6			21.69			8.73			152						1.1			107			9.45			0.88


			8/24/12 11:29			6.78			21.69			8.73			151						1.1			106.9			9.44			0.88


			8/24/12 11:29			6.91			21.69			8.73			152						1.1			106.8			9.43			0.87


			8/24/12 11:29			7			21.69			8.73			151						1.1			106.7			9.42			0.87


			8/24/12 11:29			7.08			21.68			8.73			152						1.1			106.6			9.42			0.87


			8/24/12 11:29			7.15			21.68			8.73			152						1.1			106.6			9.41			0.87


			8/24/12 11:29			7.23			21.68			8.73			152						1.1			106.5			9.41			0.86


			8/24/12 11:29			7.3			21.68			8.73			151						1.1			106.4			9.4			0.87


			8/24/12 11:29			7.4			21.67			8.73			152						1.1			106.4			9.39			0.87


			8/24/12 11:29			7.48			21.66			8.73			152						1.1			106.2			9.38			0.88


			8/24/12 11:29			7.68			21.65			8.73			151						1.1			106.1			9.37			0.9


			8/24/12 11:29			7.81			21.64			8.73			152						1.1			106			9.37			0.9


			8/24/12 11:29			7.91			21.64			8.72			151						1.1			106			9.37			0.92


			8/24/12 11:29			8.01			21.63			8.72			152						1.1			105.9			9.36			0.94


			8/24/12 11:29			8.12			21.63			8.72			152						1.1			105.8			9.35			0.95


			8/24/12 11:29			8.21			21.63			8.72			151						1.1			105.7			9.34			0.97


			8/24/12 11:29			8.43			21.62			8.72			152						1.1			105.6			9.33			0.99


			8/24/12 11:29			8.56			21.59			8.72			152						1.2			105.5			9.33			1


			8/24/12 11:29			8.68			21.57			8.72			152						1.2			105.5			9.33			1


			8/24/12 11:29			8.76			21.56			8.71			152						1.2			105.4			9.33			1


			8/24/12 11:29			8.88			21.55			8.71			152						1.2			105.4			9.33			1.01


			8/24/12 11:29			9			21.53			8.71			152						1.2			105.3			9.33			1.02


			8/24/12 11:29			9.09			21.52			8.71			152						1.2			105.3			9.32			1.01


			8/24/12 11:28			9.32			21.52			8.71			152						1.2			105.2			9.32			1


			8/24/12 11:28			9.43			21.52			8.7			152						1.2			105.1			9.31			1


			8/24/12 11:28			9.53			21.51			8.71			152						1.2			105			9.31			1.01


			8/24/12 11:28			9.64			21.5			8.7			152						1.2			105			9.31			1.03


			8/24/12 11:28			9.76			21.5			8.71			152						1.2			105			9.3			1.03


			8/24/12 11:28			9.86			21.49			8.71			152						1.2			105			9.3			1.04


			8/24/12 11:28			10.09			21.49			8.7			152						1.2			105			9.3			1.03


			8/24/12 11:28			10.23			21.48			8.7			152						1.2			104.9			9.3			1.04


			8/24/12 11:28			10.34			21.46			8.7			152						1.2			105			9.31			1.05


			8/24/12 11:28			10.47			21.46			8.7			152						1.2			104.9			9.31			1.06


			8/24/12 11:28			10.56			21.46			8.7			152						1.2			104.9			9.3			1.07


			8/24/12 11:28			10.69			21.45			8.7			152						1.2			104.9			9.31			1.07


			8/24/12 11:28			10.9			21.44			8.7			152						1.2			104.9			9.31			1.08


			8/24/12 11:28			11.02			21.43			8.7			152						1.2			104.9			9.31			1.08


			8/24/12 11:28			11.12			21.43			8.7			152						1.2			104.8			9.3			1.1


			8/24/12 11:28			11.26			21.43			8.7			152						1.2			104.8			9.3			1.1


			8/24/12 11:28			11.36			21.42			8.7			152						1.2			104.8			9.3			1.1


			8/24/12 11:28			11.44			21.43			8.7			152						1.2			104.7			9.29			1.11


			8/24/12 11:28			11.55			21.42			8.7			152						1.2			104.7			9.29			1.12


			8/24/12 11:28			11.75			21.41			8.7			152						1.2			104.8			9.3			1.14


			8/24/12 11:28			11.83			21.42			8.69			152						1.2			104.7			9.29			1.13


			8/24/12 11:28			11.96			21.41			8.7			152						1.2			104.7			9.3			1.13


			8/24/12 11:28			12.06			21.42			8.7			152						1.2			104.7			9.29			1.15


			8/24/12 11:28			12.17			21.41			8.7			152						1.2			104.7			9.29			1.15


			8/24/12 11:28			12.29			21.41			8.7			152						1.2			104.8			9.3			1.16


			8/24/12 11:28			12.5			21.41			8.7			152						1.2			104.7			9.29			1.17


			8/24/12 11:28			12.61			21.41			8.7			152						1.2			104.6			9.29			1.17


			8/24/12 11:28			12.7			21.41			8.7			152						1.2			104.6			9.28			1.17


			8/24/12 11:28			12.8			21.41			8.7			152						1.2			104.5			9.28			1.17


			8/24/12 11:28			12.91			21.41			8.7			152						1.2			104.5			9.28			1.18


			8/24/12 11:27			13.02			21.41			8.7			152						1.2			104.5			9.28			1.19


			8/24/12 11:27			13.21			21.41			8.7			152						1.2			104.5			9.27			1.18


			8/24/12 11:27			13.32			21.41			8.7			152						1.2			104.4			9.27			1.18


			8/24/12 11:27			13.39			21.41			8.69			152						1.2			104.4			9.27			1.18


			8/24/12 11:27			13.5			21.4			8.7			152						1.2			104.4			9.27			1.18


			8/24/12 11:27			13.62			21.4			8.7			152						1.2			104.4			9.27			1.18


			8/24/12 11:27			13.71			21.41			8.7			152						1.2			104.4			9.27			1.2


			8/24/12 11:27			13.76			21.4			8.7			152						1.2			104.4			9.27			1.19


			8/24/12 11:27			13.99			21.4			8.7			152						1.2			104.3			9.26			1.18


			8/24/12 11:27			14.09			21.4			8.7			152						1.2			104.4			9.26			1.19


			8/24/12 11:27			14.16			21.4			8.7			152						1.2			104.4			9.27			1.19


			8/24/12 11:27			14.27			21.4			8.7			152						1.2			104.4			9.27			1.19


			8/24/12 11:27			14.4			21.41			8.7			152						1.2			104.4			9.27			1.19


			8/24/12 11:27			14.52			21.41			8.7			152						1.3			104.4			9.27			1.2


			8/24/12 11:27			14.77			21.4			8.7			152						1.3			104.5			9.28			1.19


			8/24/12 11:27			14.86			21.41			8.7			152						1.3			104.5			9.28			1.18


			8/24/12 11:27			14.9			21.4			8.7			152						1.3			104.5			9.28			1.18


			8/24/12 11:27			14.9			21.41			8.7			152						1.3			104.5			9.28			1.19
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			WaterbodyName			StationName			Date			Depth			Temperature			DO			DO			pH			Comments


			Pend Oreille River			AFF - Albeni Falls Forebay			6/10/09			0.02			12.18			94.9			9.47			8.38


			Pend Oreille River			DSP - Downstream Springy Point			6/11/09			0.11			13.96			97.4			9.34			8.39


			Pend Oreille River			DSP - Downstream Springy Point			6/11/09			0.90			12.73			97.0			9.56			8.48


			Pend Oreille River			DSP - Downstream Springy Point			6/11/09			1.72			12.25			95.6			9.52			8.35


			Pend Oreille River			DSP - Downstream Springy Point			6/11/09			2.80			12.20			95.0			9.47			8.26


			Pend Oreille River			DSP - Downstream Springy Point			6/11/09			3.90			12.18			94.5			9.43			8.22


			Pend Oreille River			DSP - Downstream Springy Point			6/11/09			4.95			12.17			94.3			9.41			8.27


			Pend Oreille River			DSP - Downstream Springy Point			6/11/09			5.65			12.60			94.1			9.30			8.29


			Pend Oreille River			DSP - Downstream Springy Point			7/7/09			0.18			19.07			109.2			9.40			8.64


			Pend Oreille River			DSP - Downstream Springy Point			7/7/09			1.85			19.04			109.0			9.39			8.67


			Pend Oreille River			DSP - Downstream Springy Point			7/7/09			3.55			17.76			109.0			9.64			8.54


			Pend Oreille River			DSP - Downstream Springy Point			7/7/09			4.79			17.42			110.2			9.81			8.53


			Pend Oreille River			DSP - Downstream Springy Point			7/7/09			6.22			17.40			110.2			9.82			8.67


			Pend Oreille River			DSP - Downstream Springy Point			9/22/09			0.08			17.74			103.4			9.15						F1


			Pend Oreille River			DSP - Downstream Springy Point			9/22/09			0.97			17.73			103.5			9.16						F1


			Pend Oreille River			DSP - Downstream Springy Point			9/22/09			1.82			17.71			103.5			9.16						F1


			Pend Oreille River			DSP - Downstream Springy Point			9/22/09			2.80			17.67			103.4			9.16						F1


			Pend Oreille River			DSP - Downstream Springy Point			9/22/09			3.77			17.64			103.2			9.15						F1


			Pend Oreille River			DSP - Downstream Springy Point			9/22/09			4.60			17.62			102.9			9.12						F1


			Pend Oreille River			DSP - Downstream Springy Point			9/22/09			5.42			17.60			103.3			9.16						F1


			Pend Oreille River			DSP - Downstream Springy Point			9/22/09			5.81			17.59			106.4			9.44						F1


			Pend Oreille River			RRB - Railroad Bridge			6/11/09			0.00			13.80			101.1			9.73			8.43


			Pend Oreille River			RRB - Railroad Bridge			6/11/09			0.73			13.62			100.2			9.68			8.42


			Pend Oreille River			RRB - Railroad Bridge			6/11/09			1.11			13.57			99.8			9.65			8.45


			Pend Oreille River			RRB - Railroad Bridge			6/11/09			1.92			13.18			99.7			9.72			8.36


			Pend Oreille River			RRB - Railroad Bridge			6/11/09			2.51			12.41			96.4			9.57			8.15


			Pend Oreille River			RRB - Railroad Bridge			6/11/09			3.18			11.35			95.3			9.69			8.09


			Pend Oreille River			RRB - Railroad Bridge			6/11/09			3.64			11.19			92.5			9.44			8.06


			Pend Oreille River			RRB - Railroad Bridge			6/11/09			4.32			11.05			91.4			9.36			8.04


			Pend Oreille River			RRB - Railroad Bridge			6/11/09			4.88			11.04			91.2			9.34			8.05


			Pend Oreille River			RRB - Railroad Bridge			6/11/09			5.34			11.03			91.1			9.33			8.06


			Pend Oreille River			RRB - Railroad Bridge			9/22/09			0.20			18.52			104.1			9.06			8.44


			Pend Oreille River			RRB - Railroad Bridge			9/22/09			0.97			18.48			104.1			9.07			8.44


			Pend Oreille River			RRB - Railroad Bridge			9/22/09			1.89			18.45			104.0			9.07			8.44


			Pend Oreille River			RRB - Railroad Bridge			9/22/09			2.25			18.44			103.9			9.06			8.43


			Pend Oreille River			RRB - Railroad Bridge			9/22/09			3.69			18.43			103.8			9.05			8.42


			Pend Oreille River			RRB - Railroad Bridge			9/22/09			4.54			18.42			103.9			9.06			8.44


			Pend Oreille River			RRB - Railroad Bridge			9/22/09			5.17			18.42			104.1			9.08			8.46
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From: Nickel, Brian
To: "June.Bergquist@deq.idaho.gov"
Subject: RE: sandpoint WWTP permit
Date: Monday, November 21, 2016 4:05:00 PM


June:
For Sandpoint, I intend to request a final Clean Water Act Section 401 certification soon (I have not
yet done so). Once I request (and receive) that, I will have everything I need for the final permit.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Monday, November 21, 2016 2:48 PM
To: Nickel, Brian 
Subject: sandpoint WWTP permit
Hi Brian,
Just checking in to make sure you have what you need from us for the final permit for Sandpoint. I
got a bunch of work done on other projects so I am ready to turn back to Kootenai Ponderay Sewer
District. Hope all is going well.
June








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: RE: sandpoint WWTP permit
Date: Tuesday, November 22, 2016 8:15:02 AM


Thanks Brian, I don’t really trust our mail system here so I thought I’d better ask!
 


From: Nickel, Brian [mailto:Nickel.Brian@epa.gov] 
Sent: Monday, November 21, 2016 4:05 PM
To: June Bergquist
Subject: RE: sandpoint WWTP permit
 
June:
 
For Sandpoint, I intend to request a final Clean Water Act Section 401 certification soon (I have not
yet done so).  Once I request (and receive) that, I will have everything I need for the final permit.
 
Thanks,
 
Brian Nickel, E.I.T.
 
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice:  206-553-6251 | Toll Free:  800-424-4372 ext. 6251 | Fax:  206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Monday, November 21, 2016 2:48 PM
To: Nickel, Brian <Nickel.Brian@epa.gov>
Subject: sandpoint WWTP permit
 
Hi Brian,
Just checking in to make sure you have what you need from us for the final permit for Sandpoint.  I
got a bunch of work done on other projects so I am ready to turn back to Kootenai Ponderay Sewer
District.  Hope all is going well.
June








From: Nickel, Brian
To: kmerrill@knrd.org
Subject: FW: Public comment period for City of Sandpoint draft permit to be extended--comments due July 5th
Date: Friday, July 01, 2016 3:12:00 PM


Ken:
Just a reminder that comments on the draft permit for the City of Sandpoint are due Tuesday July


5th.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Nickel, Brian 
Sent: Monday, May 16, 2016 4:52 PM
To: Ken Merrill 
Subject: Public comment period for City of Sandpoint draft permit to be extended
Ken:
In response to a request from the City, we plan to extend the public comment period for the City of
Sandpoint draft permit until July 5, 2016.
We will update our website and publish a legal ad in the Bonner County Daily Bee soon.
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.








From: June.Bergquist@deq.idaho.gov
To: bconverse@jub.com; rluttmann@sandpointidaho.gov
Cc: June.Bergquist@deq.idaho.gov; Thomas.Herron@deq.idaho.gov; Nickel, Brian
Subject: Sandpoint NPDES cert compliance schedule question
Date: Wednesday, September 14, 2016 7:39:22 AM


Hi Ryan and Brett,
EPA re-examined the need for an ammonia limit using new DEQ data and Sandpoint may not need
an effluent limit for ammonia for this permit. If that situation holds true, it will be difficult for us to
justify a 5 year compliance schedule just to meet your TP limits. Does 4 years sound reasonable for
the existing plant upgrade scenario? The new plant option will remain at 10 years. Thanks.
June








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: FW: Response to Comments Document for 404 and NPDES Certifications
Date: Monday, September 26, 2016 11:12:47 AM


Whoops, this just came out, I guess you can delete my response to comments document for
Sandpoint.  The only ones that are going to see them are us.
 


From: Nicole Deinarowicz 
Sent: Monday, September 26, 2016 11:03 AM
To: Balthasar Buhidar; Cynthia Barrett; Mark Sellet; Greg Mladenka; Lynn Vanevery; Julia Achabal; June
Bergquist; Kati Carberry; Lance Holloway; Troy Saffle; Sujata Connell
Cc: Don Essig; Barry Burnell; Douglas Conde
Subject: Response to Comments Document for 404 and NPDES Certifications
 
Good Morning All!
Hope everyone had a fabulous weekend! I just wanted to provide you with an update on how
we are to handle the Response to Comments (RTC) document for 404 and NPDES
certifications. As of right now, the RTC document is an internal document only. We will not
be providing a copy to EPA, the Permittee, or any commenters. Also, we are not posting the
RTC document with the final certification on DEQ’s webpage. All we are providing to EPA,
the Permittee, and the commenters is a copy of the final certification. However, in your cover
letter to EPA you can mention that comments were received and by whom, and that DEQ
reviewed the comments.
 
If you have any questions, please to not hesitate to contact me. Have a wonderful day!
 
 
Nicole Deinarowicz
401 Program Coordinator
Water Quality Division
Idaho Department of Environmental Quality
208.373.0591
 








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov
Subject: Sandpoint Response to comments
Date: Monday, July 11, 2016 2:54:16 PM


Hi Brian,
I am responding to comments related to DEQ’s cert from LPOW, ICL and City of Sandpoint. Just
checking in to let you know. I’m still a couple of weeks out from having a finished product. Of course
I didn’t respond to the comments that referred to EPA.
June








From: Nickel, Brian
To: June Bergquist
Subject: FW: Sandpoint
Date: Monday, March 28, 2016 4:56:00 PM


June:
See the message from Brett Converse below. For background, when I was at the Spokane River
Forum conference at the Coeur d’Alene Resort last week, Paul Klatt (who also works for JUB
Engineers) approached me with some questions about the Sandpoint permit, and said that he would
circle back with Brett. I believe these questions are a follow up to my discussion with Paul at the
conference.
I think the first question is primarily in DEQ’s court, since DEQ has the authority to make decisions
regarding mixing zones.
My position is that nutrients are not fundamentally different from other pollutants in the way that
they should be regulated under the Clean Water Act, and, as such, a mixing zone is a proper way to
address discharges of nutrients (if there is assimilative capacity available). Nutrients don’t have
numeric criteria in the Idaho WQS, however, there is a narrative criterion for nutrients, and
permitting authorities are required to establish effluent limits based on narrative water quality
criteria (40 CFR 122.44(d)(1)(vi)). Once the permitting authority decides on an numeric
interpretation of the narrative criterion, limits are then derived from that numeric interpretation,
just as you would derive limits from a numeric criterion. Those limits may or may not also be based
on dilution, and a mixing zone is the mechanism for allowing dilution. I would argue that, if DEQ did
not authorize a mixing zone for phosphorus, then the City would have to meet the narrative criteria
for phosphorus (i.e., the concentration of phosphorus that would be protective of the receiving
water as a whole) at the end-of-pipe, and that would certainly not be in the City’s interest.
Even if antidegradation was the primary basis for the phosphorus limits, you can’t just meet
antidegradation requirements in a vacuum. That is to say, we would also have to show that the limits
would meet the narrative water quality criterion for nutrients, and the only way to show that a
discharge at current loads/concentrations does that is to allow for dilution (with a mixing zone).
I will respond to the second question, and I will copy you on my response.
Thank you,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-0165
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: Brett M. Converse [mailto:bconverse@jub.com] 
Sent: Monday, March 28, 2016 4:16 PM
To: Nickel, Brian 
Subject: Sandpoint
Hi Brian:
I understand the goal is to limit Sandpoint’s P discharge to about what it is today, which I expect and
to which the City agreed when discussing the “voluntary nutrient reduction program” to keep the
river from being listed and in general to be good stewards. What I don’t agree with is meeting that







goal through a mixing zone. The mixing zone method is going to set a methodology in Idaho that will
have significant impacts to other cities. So we are ok with the limit but not the mixing zone
methodology. Since it seemed at one time (since the river was 303d listed) the river is getting close
to being impacted by P, why can some form of the anti-degradation rule be use to limit the P
discharge to about what it historically has been? It seems this would be protective and the limit
would be based on a rule we can understand. The mixing zone would have to be granted to us every
time the permit is issued and therefore could be taken away. A Load based on anti-degradation
could not so easily be taken away unless the river got listed and a TMDL done.
Regarding ammonia: Since we’ll need a compliance schedule, is it possible to have a limit in the
permit based on collecting better river data. I’d like the city to be able to start collecting a lot of data
(near the outfall) regarding pH and temp and ammonia to more adequately access the need for an
ammonia limit. Also to statistically narrow the error band to get a realistic RPA number. And I
wonder about the biological assessment for that area of river and just what life the City is protecting.
It will take a lot of energy to protect that mud. And since we still have a dilution ratio greater than
100:1, I think we should be given a mass limit only and not a concentration limit.
Have you heard that Kody retired? Ryan Luttmann is now the City’s Public Work’s Director.
Regards
Brett
This e-mail and any attachments involving J-U-B or a subsidiary business may contain
information that is confidential and/or proprietary. Prior to use, you agree to the provisions
found at edocs.jub.com. If you believe you received this email in error, please reply to that
effect and then delete all copies.








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov
Subject: Sandpoint TP question
Date: Tuesday, January 12, 2016 7:39:37 AM


Hi Brian,
Sorry, one more question came up during our internal review: I see on the revised draft fact sheet
(2015) in the reasonable potential analysis section (page E-3) that you changed the phosphorus
effluent strength to 5.33mg/L, up from 2.41mg/L in the 2014 fact sheet (page E-3). The 2.41mg/L
value was based on an average of data from 2002-2010 and the 5.33mg/L was the maximum value
based on data from 2010-2015. What is the reason for this change? Thanks.
June








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov
Subject: ICL comment
Date: Wednesday, November 23, 2016 9:52:24 AM
Attachments: 11-23-16 401 certification response to comments Sandpoint npdes permit.docx


Hi Brian,
I is just easier to show you what I wrote about your question. Look at the response to comment 3.








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Cc: June.Bergquist@deq.idaho.gov; Thomas.Herron@deq.idaho.gov
Subject: Sandpoint draft certification signed
Date: Tuesday, February 23, 2016 1:47:12 PM
Attachments: draft 401 certification Sandpoint WWTP.pdf



mailto:June.Bergquist@deq.idaho.gov
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From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: June 10 meeting Sandpoint
Date: Friday, June 03, 2016 9:37:45 AM


Hi Brian,
Apparently only our Director and Regional Administrator will be meeting with Senator Keough. There
was some letter that Brett Converse sent that caused this ruckus but I don’t have a copy of it. Thanks
anyway for your willingness to participate. Other than this I have not heard at all from City of
Sandpoint.
June








From: June.Bergquist@deq.idaho.gov
To: Nickel, Brian
Subject: Sandpoint draft response to comments
Date: Friday, August 05, 2016 1:01:19 PM
Attachments: Sandpoint Draft response to comments 8-5-16.docx


Hi Brian,
Here is our attorney’s version, I’m not in agreement with some of the changes but I will be gone for
most of the next two weeks so here it is as it stands so you can see how and what we answered.
June 








From: Nickel, Brian
To: "June.Bergquist@deq.idaho.gov"; "Nicole.Deinarowicz@deq.idaho.gov"
Cc: "Thomas.Herron@deq.idaho.gov"
Subject: RE: City of Sand Point WWTP
Date: Tuesday, August 23, 2016 2:27:00 PM


All:
I think this may be an issue of terminology and not substance. Idaho’s mixing zone policy does speak
to areas where acute criteria can be exceeded, and it does state that such areas need to be
approved by the Department. However, it doesn’t call them “acute mixing zones,” it uses the term
“zone of initial dilution,” which is defined in the water quality standards.
See IDAPA 58.01.02.060.b: “Water quality within an authorized mixing zone is allowed to exceed
chronic water quality criteria for those parameters approved by the Department. If approved by the
Department, acute water quality criteria for one (1) or more parameters may be exceeded within
the zone of initial dilution inside the mixing zone. Narrative criteria in Subsections 200.03 and
200.05 apply within the mixing zone. All water quality criteria must be met at the boundary of any
mixing zone under its design conditions.”
See also IDAPA 58.01.02.010.118: “Zone of Initial Dilution (ZID). An area within a Department
authorized mixing zone where acute criteria may be exceeded. This area shall be no larger than
necessary and shall be sized to prevent lethality to swimming or drifting organisms by ensuring that
organisms are not exposed to concentrations exceeding acute criteria for more than one (1) hour
more than once in three (3) years. The actual size of the ZID will be determined by the Department
for a discharge on a case-by-case basis, taking into consideration mixing zone modeling and
associated size recommendations and any other pertinent chemical, physical, and biological data
available.”
Could this concern be addressed by referring to the area where acute criteria can be exceeded as a
“zone of initial dilution,” consistent with the terminology in the water quality standards?
Thanks,
Brian Nickel, E.I.T.
Environmental Engineer
US EPA Region 10 | Office of Water and Watersheds | NPDES Permits Unit
Voice: 206-553-6251 | Toll Free: 800-424-4372 ext. 6251 | Fax: 206-553-1280
Nickel.Brian@epa.gov
http://epa.gov/r10earth/waterpermits.htm
Please conserve natural resources by not printing this message.


From: June.Bergquist@deq.idaho.gov [mailto:June.Bergquist@deq.idaho.gov] 
Sent: Tuesday, August 23, 2016 2:19 PM
To: Nickel, Brian 
Cc: June.Bergquist@deq.idaho.gov; Thomas.Herron@deq.idaho.gov
Subject: FW: City of Sand Point WWTP
FYI, I don’t know anything further about this. Contact Nicole if you have questions.


From: Nicole Deinarowicz 
Sent: Monday, August 15, 2016 9:48 AM
To: June Bergquist
Subject: City of Sand Point WWTP
Good Morning June!
I hope you had a fantastic vacation. I had an opportunity to sit down with Doug, Don, Mary Anne,







AJ, and Lauri to discuss the issue of authorizing both an acute and chronic mixing zones in the City
of Sandpoint certification. Although that is how Washington authorize their mixing zones, Idaho
only authorizes the larger of the two. There is no problem with discussing both the acute and chronic
in the Fact Sheet, but when it comes to authorizing the mixing for each pollutant, we should only
mention the larger one in the tables.
I thought it would be best if you discussed this with Brian Nickel. Call me if you have any questions.
Nicole Deinarowicz
401 Program Coordinator
Water Quality Division
Idaho Department of Environmental Quality
208.373.0591





